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Experimental by of 


An Experimental Study 


M. DWORSKI, M.P.H., Saranac Lake, N. Y. 


The studies presented herewith, which 
were a major interest of the late Leroy U. 
Gardner, M.D., and occupied much of his 
time during the last eight years of his life, 
comprise a total of 41 systematic experiments, 
some of which terminated after his death. 

In May, 1944, Dr. Gardner delivered the 
Donald E. Cummings Memorial Lecture,’ 
entitled “Aluminum Therapy in Silicosis,” at 
the Annual Meeting of the American Indus- 
trial Hygiene Association. He presented 
some of the essential findings of the studies 
which had already been completed and de- 
scribed the experiments which were still in 
progress. He concluded from experimental 
then available that “aluminum 
agents in proper form constitute an effective 
inhibitor of quartz in a living host.” 

With the establishment of the fact that 
silicosis can be produced in the experimental 


evidence 


Recorded for publication June 6, 1955. 

Research Associate, The Saranac Laboratory. 

For the design and conduct of the experiments 
on which this paper is based, all credit goes to the 
late Leroy U. Gardner, M.D. Recognition should be 
given also to A. J. Vorwald, M.D., A. B. Delahant, 
E. L. Gockeler, A. J. Redlin, and F. T. Creedon 
for assistance in many technical phases of the work 
and to T. M. Durkan, M.E., and G. W. H. Schepers, 
M.D., D.Sc., for assistance in the preparation of 
the paper. 


animal, the desire to discover the cause of 
the toxicity of quartz and to find a means to 
prevent the disease became a major objective 
of the The 
Laboratory. There was, however, an even 


research program of Saranac 
bigger stake involved than the development 
of a method to prevent silicosis, for it was 
hoped that, in determining the cause of the 
toxicity of quartz, an answer might be found 
to explain the increased susceptibility to 
tuberculosis in the silicotic host. 

Sefore describing the experiments, it may 
be of historical interest to explain how it 
happened that The Saranac Laboratory dis- 
covered that colloidal aluminum hydroxide 
exerts a protective effect against the toxic 
When, in 1932, 


Kettle * reported that particles of quartz 


reaction of silica in tissue. 


coated with iron would not produce a silicotic 
reaction following injection into animals, an 
attempt was made at The Saranac Labora- 
tory to repeat his experiment. Kettle did not 
describe his method. In a personal communi- 
cation to Dr. Gardner, he stated that the 
chemist who prepared his coated quartz was 
no longer accessible, but he suggested that 
the quartz particles be boiled in a solution of 
Dr. Gardner 
found, however, that quartz particles treated 


colloidal ferric hydroxide. 


in that manner still produced fibrosis on in- 
jection into guinea pigs and rabbits, although 
the tissue reaction was somewhat delayed. 
For a number of years thereafter, experi- 
ments were conducted at the Laboratory em- 
ploying various agents in the hope of pre- 
229 


4 
. 
2 
4 
a 
= 


A. M. 


venting the silicotic reaction, either by neu- 
tralizing the charge or by coating the silica 
particles. Among the substances tested were 
acacia, sodium oleate, various forms of char- 
coal, precipitated ferric hydroxide, night blue 
dye, aluminum phosphate, and_ colloidal 
aluminum hydroxide. Of these, colloidal 
aluminum hydroxide was discovered to pre- 
vent the toxic effect of quartz. It was found 
that when quartz particles, 1» to 34 in diam- 
eter, were suspended in colloidal aluminum 
hydroxide and injected intracardially into 
guinea pigs the silicotic reaction in the liver 
and spleen, where quartz particles of this size 
are retained, was completely inhibited. Publi- 
cation of the findings at that time was con- 
sidered, but, because of the uncertainty of 
the permanence of the protective effect, it was 
decided to follow the observations for a year 
or more. Other experiments were started at 
once in order to verify and supplement these 
initial findings and to define the conditions 
under which colloidal aluminum hydroxide 
would be most effective. 

It was with great interest that the staff of 
The Saranac Laboratory read, in 1937, the 
report of Denny, Robson, and Irwin® in 
which they stated that they were able to pre- 
vent the silicotic reaction in rabbits by means 
of powdered metallic aluminum. In Novem- 
ber, 1937, Dr. Irwin visited The Saranac 
Laboratory and described their work. In 
turn, Dr. Gardner demonstrated to him that 
quartz particles suspended in colloidal alumi- 
num hydroxide and injected into guinea pigs 
produced a reaction limited to simple phag- 
ocytosis. Dr. Irwin sent to The Saranac 
Laboratory some of the metallic aluminum 
powder he used so that the relative effective- 
ness of the metal and of the colloidal hydrox- 
ide in protective experiments could be com- 
pared. 

TECHNICAL PROCEDURES 
1. Description AND METHOD OF PREPARATION OF 
Various Forms oF ALUMINUM EMPLOYED 
IN THE EXPERIMENTAL WorK IN THE 
SARANAC LABORATORY 

The aluminum compounds used are sum- 
marized in Table 1 and deserve the following 
further comment. 
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(a) Colloidal Aluminum Hydroxide. — 
This is the colloid that was first used in our 
experimental investigations. Except for a 
brief description contained in the paper by 
Gardner and associates,’ no detailed account 
of its preparation has been published. Orig- 
inally the colloidal hydroxide was prepared as 
follows. 

A 3% solution of aluminum chloride 
(AICl;6H2O) was heated to boiling, and 
concentrated ammonium hydroxide (NH4,- 
OH) was slowly added, with continous stir- 
ring, until a very faint odor of ammonia 


TABLE 1.—Aluminum Compounds Used 


(1) Colloidal aluminum hydroxide. This compound was 
prepared in The Saranac Laboratory from AlCls-6H2O 
by precipitation with NHsOH. 

(2) Powdered aluminum hydrate. This compound, desig- 
nated as H-1010, was especially prepared by the Alu- 
minum Company of America from sodium aluminate; 
the x-ray diffraction pattern of H-1010 is similar to 
the pattern obtained from the colloidal aluminum 
hydroxide prepared in The Saranae Laboratory; H-1010 
was used in inhalation experiments. 

(3) Metallic aluminum powder. The metallic aluminum 
powder used in the injeetion experiments was furnished 
by Dr. D. A. Irwin, formerly of the Medical Research 
Department of the University of Toronto; the metallie 
aluminum powder for the inhalation experiments was 
freshly prepared from pellets of aluminum ground in 
a rotating aluminum-lined drum and was blown into 
the dusting room by compressed air. 


persisted. This produced a voluminous gelat- 
inous precipitate represented by the follow- 
ing reaction: 

AICh+3N 


The suspension was filtered through paper, 
and the precipitate washed with hot water 
to remove most of the soluble ammonium 
chloride. A faint trace of the chloride was 
allowed to persist, because otherwise, as we 
discovered, no stable colloid would form. The 
moist precipitate was removed from the filter 
paper, resuspended in distilled water, and 
placed in a 500 ml. or larger graduate. After 
settling overnight at room temperature, the 
supernatant fluid, which was a viscous milky 
colloid, was decanted off and reserved, and 
the gelatinous precipitated aluminum hy- 
droxide in the sediment was discarded. Later, 
the method was modified by substituting cen- 
trifugation for filtration. The hot, freshly 
precipitated aluminum hydroxide was cen- 
trifuged for 10-minute intervals at 2000 rpm. 
As long as the supernatant fluid remained 
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TREATMENT OF SILICOSIS BY MEANS 
clear, it was discarded, and the sediment was 

resuspended in hot distilled water and recen- 

trifuged. Four or five centrifugations were 
to remove sufficient ammonium 
chloride in order to convert a portion of the 
gelatinous precipitate to a stable colloid. At 
this point the supernatant fluid assumed a 


milky viscous appearance similar to the col- 


necessary 


loid obtained by the overnight sedimentation 
obtained in the first method of preparation. 
The milky supernatants were collected in a 
flask. The pH of the collected supernatants 
tended to range from 5.8 to 6.4, indicating 
that the colloidal aluminum hydroxide pre- 
pared in this manner was acidic and that its 
formula may be expressed as H3AlO; to 
emphasize its It remained 


acidic nature. 


stable as long as its reaction remained acid 
but did not pass through a cellophane or 
collodion membrane. X-ray diffraction ex- 
amination of the colloidal aluminum hydrox- 
ide after evaporation to dryness in the open 
air revealed a weak pattern of aluminum 
8-trihydrate. 
oration, was dried in a vacuum, an extremely 


When the colloid, after evap- 


fine-grained aluminum a-monohydrate was 
formed. The absence of any distinct lines in 
the pattern of the vacuum-dried material 
indicated that the product was chiefly amor- 
phous in character. Chemical analysis of the 
dried colloid showed that it contained 3.40% 
chlorine. 
25.31%. 


The water loss after ignition was 
The colloidal content of the fluid was de- 
termined by converting aliquots into alu- 
minum oxide (AlO3) and calculating the 
aluminum hydroxide content by the factor 
1.53. This was done by evaporating 10 ml. 
quantities of the colloidal aluminum hydrox- 
ide on a water bath in a weighed crucible. 
The then heated over an 
open flame to a constant weight, thus con- 
verting the colloidal aluminum hydroxide 
(Al[OH],) to aluminum oxide (AlsO3). 
(b) Powdered Aluminum Hydrate —Pow- 
dered colloidal aluminum hydroxide was pre- 


crucible was 


pared from the colloidal aluminum hydroxide 
described under (a). The precipitate, after 
being washed free of most of the chlorides, 


OF ALUMINUM 

was allowed to dry on the filter paper. It was 
then removed from the paper, placed in an 
evaporating dish, and dehydrated over sul- 
furic acid in vacuo. When thoroughly dry, 
the small clumps were ground to a fine pow- 
der in an agate mortar. It was resuspended 
in distilled water as needed for use. Such a 
suspension does not become as viscid as the 
original colloidal aluminum hydroxide. It is 
also nondialyzable and has the same pH as 
the colloid. When suspensions of this powder 
and quartz were tested in animals, it was 
found that the drying did not destroy the 
inhibitory action. 

After it was demonstrated that a pow- 
dered form of aluminum hydroxide was an 
effective inhibitor of silicosis, the Labora- 
tory was confronted with the problem of 
producing the powdered aluminum hydrox- 
ide in sufficient quantity for long-term in- 
halation experiments. Dr. Francis C. Frary, 
Director of the Research Laboratories of the 
Aluminum Company of America, was con- 
sulted, and he expressed his willingness to 
cooperate. After submitting several different 
forms of powdered aluminum hydroxide 
(C-730, C-732, C-730 which 
were tested and found unsatisfactory, the 


activated ) , 


Aluminum Company of America prepared a 
powdered aluminum hydrate designated as 
H-1010. This product, when tested by injec- 
tion methods, proved as effective an inhibitor 
as our colloid and, powdered aluminum hy- 
droxide. It is this produet—H-1010—which 
has been studied exhaustively in a series of 
inhalation tests involving normal, silicotic, 
and tuberculous animals. The x-ray diffrac- 
tion pattern of H-1010 is similar to the pat- 
tern of the vacuum-dried compound made in 
The The product 
H-1010 is principally aluminum hydrate, 


Saranac Laboratory. 
which is possibly to a large extent amor- 
phous and contains at least some of the 
a-monohydrate. The effects of these different 
forms suggest 
that their amorphous component may be the 
active substance that inhibits the quartz and 
prevents 


of aluminum compounds 


the development of fibrous tissue 
reaction. 
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(c) Metallic Aluminum Powder— The 
metallic aluminum powder employed in all 
injection experiments was furnished by Dr. 
D. A. Irwin, then of the Medical Research 
Department of the University of Toronto. 
It was acetone-washed and finely divided. 
More than 90% of the particles were less 
than 1p in size. The metallic aluminum pow- 
der for the inhalation experiments was 
freshly prepared from pellets of aluminum 
ground in a rotating aluminum-lined drum 
and was blown into the dusting room by 
compressed air. The powder prepared in this 
manner was finely divided, and more than 
90% of the particles were less than 2 in 
diameter. Occasional clumps, varying from 
to 50u, were present. 

The x-ray diffraction pattern of the metal- 
lic aluminum powder was the same as that 
of the standard pattern of crystalline metallic 
aluminum. When the metallic aluminum 
powder was suspended in distilled water and 
allowed to remain in an incubator overnight 
at 37 C, the hydrate was formed, which 
yielded an x-ray pattern similar to that of 
the other aluminum compounds. Denny, Rob- 
son, and assert that the metallic 
aluminum hydrolyzes when it comes in con- 
tact with the body fluids. Examination of the 
x-ray diffraction patterns of the vacuum- 
dried colloidal aluminum hydroxide, the 
H-1010 powder, and the hydrolyzed metallic 
aluminum powder revealed that the materials 
were to a large extent amorphous but con- 
tained small amounts of a-monohydrate and 
8-trihydrate of aluminum. 

The three aluminum compounds—colloidal 
hydroxide, H-1010 powder, and metallic 
powder—have the faculty of depressing mark- 
edly the solubility of quartz as determined by 
the molybdate method ; in fact, the aluminum 
compound reduced the amount of silica in 
solution to 1% of the value before the alumi- 
num was added. This observation formed the 
basis for the theory that the toxicity of silica 
is due to the release of minute amounts of 
soluble silica in tissue. The assumption, how- 
ever, that the soluble silica demonstrated 
colorimetrically in vitro is responsible for the 
silicotic reaction in tissue has not received 
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experimental support from studies made in 
The Saranac Laboratory. Repeated tests 
made on carefully sized particles, 1p to 3p in 
diameter, have shown that many _physio- 
logically inert silicates yield more “soluble 
silica” than does the very pure quartz which 
produces the silicotic reaction in tissue. From 
work done by Gardner and Redlin* and by 
Filley and his associates,’ the hypothesis has 
been suggested that the toxic effect of finely 
divided quartz is confined to the surface of 
the particles where a layer of highly toxic 
colloidal silica is liberated. Scheel and his as- 
sociates ° have demonstrated that a film of 
protein is adsorbed from solution by quartz 
particles lw to 3 in diameter, and Schepers * 
has shown that the presence of this protein 
film radically modifies the cellular reaction to 
quartz. Regardless of whether the toxicity is 
due to liberated colloidal or soluble silica or 
to the adsorption of protein on the surface of 
the quartz particles, the protective effect of 
the active aluminum compounds may be in- 
terpreted on the basis of the inference that 
quartz particles are rendered inert by an in- 
soluble and impermeable coating. 


2. PREPARATION OF QUARTZ PARTICLES FOR 
INJECTION AND INHALATION 

All the quartz used in the various experi- 
ments to be discussed was prepared from a 
finely ground commercial product. The SiO» 
content of the material was 99.7%, and x-ray 
diffraction examination disclosed nothing but 
normal quartz. For injection tests, the com- 
mercial product was reground in a steel ball 
mill and elutriated in water. Particles meas- 
uring between lp and 3u were separated and 
used in the injection experiments. The par- 
ticles were routinely suspended in 0.85% 
saline solution or in colloidal aluminum hy- 
droxide and sterilized in an Arnold sterilizer 
for one hour. 


In the first group of experiments, injection 
techniques were employed to produce the 
silicotic reaction for the quantitative assess- 
ment of the inhibitor effects of the aluminum 
compounds. Later, when the powdered alumi- 
num hydrate H-1010 and the mill for produc- 
ing metallic aluminum powder became availa- 
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ble, inhalation methods were employed, both 
as a procedure for causing silicosis and as a 
means of introducing the aluminum com- 
pounds into the experimental animal. The 
intravenous injection of quartz particles into 
guinea pigs and rabbits produces marked sili- 
cotic reaction in the liver and spleen. The pre- 
vention exerted by the aluminum compound 
against the fibrotic reaction, particularly in 
the liver, demonstrated the principle that the 
inhibitor and the silica particle must localize 
in the same phagocytic cell. 


Injection Methods—The quartz employed in 
the injection experiments was the specially pre- 
pared powder composed of particles lu to 3 in 
diameter. It was suspended in isotonic saline solu- 
tion or in a suspension of the aluminum substance 
to form the desired concentration. The injection 
techniques included the intraperitoneal, the intra- 
vascular, and the intratracheal methods. In the 
intraperitoneal method, a single dose of 2 ml. of a 
10% suspension of quartz particles (200 mg.) was 
injected into the abdominal cavity of a guinea pig. 
When the intravascular technique was used for 
guinea pigs, 1 ml. of a 1% suspension of the quartz 
particles was injected directly into the left ventricle 
of the heart twice a week for eight weeks, until 
150 mg. of the dust had been given. For rabbits, 
5 ml. of a 1% suspension of the dust was injected 
into the ear vein twice a week for 10 weeks. The 
intratracheal technique made use of a tracheal cath- 
eter through which the dust suspension was intro- 
duced into the trachea of guinea pigs, rats, or rab- 
bits and subsequently passed into the lung. The dose 
was 0.5 ml. of a 10% suspension, and it was given 
once a week for three weeks. 


Inhalation Methods——The methods for exposing 
animals to silica dust inhalation have been described 
in detail in other publications.’ Briefly, the technique 
consisted of the exposure of animals to a cloud of 
fine silica particles disseminated in the air of a room 
by means of mechanical devices designed to produce 
the desired dispersion and concentration of particles 
in the atmosphere. Samples of the atmospheric dust 
were collected from time to time by means of a 
Greenburg-Smith impinger apparatus. In the ex- 
periments reported, a concentration of silica parti- 
cles ranging from 500,000,000 to 700,000,000 parti- 
cles per cubic foot of air was maintained. An analy- 
sis of the size distribution of the particles showed 
that more than 99% were less than 10 in diameter. 
Chemical analysis showed a total silica content 
greater than 99%. 
ranging from 1 to 3 mg. per cubic foot of air were 
maintained in the rooms in which either aluminum 
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TABLE 2.—Studies of the Prophylaxis and Treat- 
ment of Experimental Silicosis by Means 
of Aluminum 


(1) Effect of aluminum compounds on normal animals 


(2) Prophylactic action of aluminum compounds against 
quartz 


(3) Therapeutie effect of aluminum compounds on pre- 
established silicotie lesions 


(4) Effect of aluminum compounds on the course of tuber- 
culous infection in animals not exposed to quartz 
dust. 


hydrate H-1010 or metallic aluminum powder was 
dispersed. 


EXPERIMENTAL FINDINGS 


The experimental findings will be pre- 
sented in the order shown in Table 2. 


1. Errect orf ALUMINUM COMPOUNDS ON 
NorMAL ANIMALS 

(a) Colloidal Aluminum Hydroxide—The 
results of a series of experiments showed that 
normal guinea pigs and rabbits receiving re- 
peated injections of large amounts of col- 
loidal aluminum hydroxide remained ap- 
parently healthy. 

The reaction to intraperitoneal injections 
of the colloidal hydroxide consisted of the 
formation of flat white plaques on the omen- 
tum and peritoneal surfaces. Throughout a 
period of one year of observation, the only 
change observed in these plaques was the 
formation of a capsule composed of a thin 
layer of connective tissue, while there was no 
reaction in the adjacent tissues. The occur- 
rence of increased numbers of phagocytes in 
the lungs, liver, and tracheobronchial lymph 
nodes suggested that small amounts of the 
aluminum agent had been transported to these 
organs. 


One of Gardner’s experiments led to the 
observation that aluminum-containing phago- 
cytes entered the lung from the peritoneal 
site. This experiment was executed before a 
powdered aluminum hydrate suitable for in- 
halation had been prepared. The attempt to 
introduce the colloid into the lungs from an 
atomized spray proved ineffective. A group 
of 20 guinea pigs was, therefore, exposed by 
inhalation to a concentration of 800,000,000 
particles of pure quartz per cubic foot of air 
through the course of one year. One-half of 
the animals received in addition biweekly 
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intraperitoneal injections of 2 ml. of a 0.2% 
suspension of colloidal aluminum hydroxide, 
and the other half served as the quartz con- 
trol. Two animals of each group were killed 
at intervals during the year. In the groups of 
animals killed at the end of 10 months, gross 
and microscopic examination showed that the 
silicotic reaction was definitely inhibited by 
the hydroxide which reached the lungs from 
the peritoneal cavity. The lungs of the control 
animals showed widespread fibrosis with 
nodulation, some with necrotic centers and 
beginning hyalinization. The silicotic reaction 
in the treated animals was limited to prolif- 
eration of macrophages and infiltration of 
lymphocytes (Fig. 1). The definite inhibition 
of inhalation silicosis by intraperitoneal in- 


Fig. 1.—Protection against inhalation silicosis by 
means of colloidal aluminum hydroxide introduced 
by intraperitoneal injection. Experiment 790— 
guinea pigs killed after 10 months. Whole lung sec- 
tions. A, lung of animal exposed to quartz inhala- 
tion, with simultaneous treatment by means of bi- 
weekly intraperitoneal injection of 2 ml. of 0.2% 
suspension of colloidal aluminum hydroxide. B, lung 
of quartz control without aluminum treatment; 
nodulation and necrosis and incipient hyalinization 
contrast with complete absence of silicosis in the 
aluminum-treated animal. 


jection of the colloidal hydroxide intensified 
the efforts to prepare a powdered aluminum 
hydroxide which could be suspended in air 
and inhaled as dust. 


It was found that after intracardial injec- 
tion of colloidal aluminum hydroxide the 
greatest accumulation of the colloid occurred 
in cells of the reticuloendothelial system of 
the spleen and liver. Isolated giant cells, 
clumps of mononuclear cells, grayish blue in 
color, were seen in the pulp and follicles of 
the spleen. In the portal area of the liver, 
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similar cells were present. A similar localiza- 
tion of the colloid occurred following intra- 
venous injections in a rabbit. 

From these observations it was concluded 
that normal guinea pigs and rabbits are not 
seriously affected by repeated injections of 
large amounts of colloidal aluminum hy- 
droxide. The phagocytes apparently retain 
much of it for at least one year. 


(b) Powdered Aluminum Hydrate H- 
1010.—The results of experiments by injec- 
tion and inhalation showed no evidence of 
any toxicity or any chronic change which 
appeared to affect the health of the animals. 
The aluminum was apparently also retained 
for at least a year. 


An inhalation experiment in which healthy 
guinea pigs were exposed eight hours daily 
for one year to an average concentration of 
1.57 mg. of powdered aluminum hydrate 
H-1010 per cubic foot of air demonstrated 
that there was progressive accumulation of 
the aluminum compound in the lung. Gross 
inspection of the lung at the end of the year 
showed a slight diffuse tan pigmentation an- 
teriorly. Microscopic examination revealed 
localized peribronchiolar foci of alveolar 
phagocytes sometimes surrounded by slight 
infiltrations of lymphocytes in adjacent walls. 
The phagocytes were markedly bluish gray 
and often swollen, and aluminum particles 
could be seen in their cytoplasm. The tracheo- 
bronchial lymph nodes showed heavy diffuse 
mononuclear infiltration with no evidence of 
fibrosis. 

(c) Metallic Aluminum Powder.—Diffi- 
culty was encountered in preparing suspen- 
sions of metallic aluminum powder for intra- 
venous injection into animals. In an inhala- 
tion experiment with powdered metallic alu- 
minum, in which guinea pigs were exposed 
for one-half hour daily to an atmosphere con- 
taining an average of 0.88 mg. of metallic 
aluminum per cubic foot of air, no gross 
change was noted in the lungs until the ex- 
piration of one year, when a few small dis- 
crete foci of black dust appeared. The size of 
the foci had increased by the end of two years 
to 2 mm. diameter, but the number of foci did 
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not materially increase. Chemical analysis of 
the lung for aluminum showed no additional 
accumulation of the metal after the first year 
of exposure. The tracheobronchial lymph 
nodes were slightly firmer, with little pig- 
mentation at the end of one year and with 
increased pigmentation at the end of two 
vears. There were no gross changes in the 
spleen, liver, kidney, and hepatic lymph 
nodes. Denny, Robson, and Irwin * exposed 
rabbits 12 hours daily for 14 months to an 
atmosphere containing freshly ground par- 
ticulate metallic aluminum powder. Although 
the lungs contained 270 to 1200 mg. of alumi- 
num per 100 gm. of dried tissue, the authors 
reported no evidence of toxicity or damage 
to the tissues. 


2. PropHyLactic Action OF ALUMINUM 
CompouNnpbs AGAINST QUARTZ 

The prophylactic effects of aluminum com- 
pounds have been studied in different experi- 
ments involving guinea pigs, rats, and rabbits. 
The aluminum agents were administered by 
injection or by inhalation, either prior to the 
exposure of the animals to quartz dust or 
simultaneously with the exposure to the 
quartz dust as a mixture or as separate com- 
ponents. 

A group of experiments employing the in- 
jection of colloidal aluminum hydroxide 
demonstrated most conclusively the inhibitor 
effect of the hydroxide. Though the reaction 
took place in the liver and spleen, the results 
are considered valid, because it has been 
shown that free silica has the same effect upon 
connective tissue regardless of the organ in 
which it is located. The connective tissue of 
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Tas_e 3.—Degrees of Tissue Reaction Produced by 
Quarts as a Measure of the Protective Effect 
of Aluminum Compounds 


Degree of Degree of 
Experi- Protection 
mental Characteristic Features by 
Silicosis of the Reaction Aluminum 


E.S.-0 Simple phagocytosis; this is mini- A. P.-5 
mal silieotie reaction, indicating 
complete protection by aluminum 
compound 

E.S.-1 Slightly increased numbers of phag- A. P.-4 
ocytes usually appearing in small 
compact maicating that 
quartz particles may be slightly 
irritating without exerting any 
appreciable effects upon surround- 
ing tissues 

E.S.-2. There is now an additional infil <A. P.-3 
tration of lymphocytes in the 
immediate vicinity of the clumps 
of phagocytes; this indicates evi- 
dence of ehronie inflammation 

E.S.3 Proliferation of phagocytes and A. P.-2 
infiltration of lymphoeytes; this 
stage indicates that aluminum is 
only partially protective 

E.S.-4 Widespread fibrosis with necrosis; A. P.-1 
silicotie reaction is only slightly 
retarded 

E.S..5 Mature hyaline silicotie nodules; A. P.-0 
this lesion represents standard 
terminal reaction to quartz par- 
ticles, indicating protective 
effeet from aluminum 


the liver which reacts to the silica is com- 
posed of the same cytological elements as the 
connective tissue of the lungs, although the 
tissue assumes different forms in the two 
organs, 

The capacity of the different aluminum 
compounds to inhibit the silicotic reaction has 
been determined by the cellular response of 
the tissue to quartz particles, and the results 
are presented in a series of tables. The scale 
or severity of the silicotic reaction and the 
degree of protection afforded by aluminum 
are summarized in Table 3. 

Table 4 lists the results of a series of ex- 
periments with colloidal aluminum hydrox- 
ide. The control guinea pigs receiving quartz 
particles suspended in isotonic saline de- 


TaBLeE 4.—Protective Effect of Aluminum Hydroxide Against Quarts 
Injection Experiments—Quartz and Aluminum Hydroxide Mixed 


Quan- Dura- 
tity Quan- tion 
of tity of 
Ani- Aluminum Alumi- of Obser- Silicotie Protection 
Exp., Species of mals, Injection Agent num, Quartz,* vation, Tissue by 
No. Animal No. Route Employed Me. Mg. Mo. Reaction Aluminum 
746-A Guinea pig 5 Intraperitoneal Al(OH )s 6.8 200 12 E.S.-0 A.P.-5 
747 Guinea pig 5 Intracardial Al(OH)s 40 200 12 E.S.-0 A.P.-5 
819 Guinea pig 5 Intracardial Al(OH): 30 150 12 E.S.-0 A.P.-5 
928 Guinea pig 5 Intracardial H-1010 30 150 12 E.S.-0 A.P.-5 
776 Rabbit 4 Intravenous Al(OH )s 330 12 E.S.-0 A.P.-5 


* Quartz particles used were 1 to 34 in diameter. 
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veloped characteristic silicotic lesions in the 
spleen, liver, lymph nodes, and bone marrow. 
During the first four months there was rapid 
proliferation of mononuclear cells in focal 
areas associated with degeneration of the con- 
tiguous parenchymal elements. Eight months 
after completing the injections, most of the 
silicotic reaction in all these viscera had at- 
tained maturity and was composed of more or 
less hyaline fibrous tissue. 


The guinea pigs receiving the same amount 
of quartz particles suspended in colloidal 
aluminum hydroxide showed nodule 
formation or fibrosis. The primary phago- 
cytes ingesting both the quartz particles and 


the hydroxide did not proliferate but re- 
mained widely scattered throughout the 
tissue. There was no evidence of injury to 
the cells. The histological picture remained 
unchanged 12 months after completing the 
injection, as it had been in the animals killed 
at one month (Fig. 2). In order to be certain 
that the associated aluminum substances had 
not altered the distribution of the injected 
quartz particles so that they no longer ac- 
cumulated in the usual viscera, the livers of 
all animals in this experiment were analyzed 
chemically. The analysis demonstrated that 
in all groups there were sufficient quantities 
of silica to have produced reaction (Table 5). 


Fig. 2.—Complete protection afforded by colloidal aluminum hydroxide against hepatic scle- 
rosis from quartz dust. Experiment 747—guinea pigs; result at end of one year. Microscopic sec- 
tions. A, liver of treated animal, showing no cellular multiplication or colloid. B, liver of 


untreated control, showing hyalinizing nodules. 


TABLE 5.—Silica Content of Desiccated Livers of 
Guinea Pigs That Had Received by Injection 
Quartz Particles Alone and Quartz Particles 
in an Aluminum Suspension * 


Quartz Quartz 
Particles Quartz Particles 
Suspended Particles Suspended 
Duration in Isotonic Suspended in 0.02% 
of Saline in 0.3% Metallic 
Exposure, Controls, Al(OH )s, Al Powder, 
Mo. % % % 
1 1.45 1.29 1.60 
4 1.96 1.31 2.40 
8 0.96 0.62 1.42 
he 1.30 0.85 1.22 


* A total dose of 200 mg. of quartz particles, lw to 3u 
in diameter, was introduced into the circulation of each 
animal. 
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In all experiments employing the injection 
of colloidal aluminum hydroxide and pow- 
dered aluminum hydrate H-1010, the silicotic 
reaction was inhibited. On the other hand, 
animals treated with powdered metallic alu- 
minum showed only a slight inhibitory effect 
of the aluminum agent on the silicotic reac- 
tion. Seven different injection experiments 
were performed, and the results were in- 
variably poor. When the metallic aluminum 
was suspended in 0.85% saline solution or in 
distilled water, the suspensions flocculated, 
and no dispersing agent that we tried could 
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prevent the formation of large clumps of the 
powder at the point of contact with body 
fluids. On injecting the suspension of metallic 
aluminum powder and quartz particles into 
the guinea pig heart, most of the metallic 
aluminum powder remained in the cardiac 
ventricles, while the quartz particles were 
carried to the spleen, liver, and lymph nodes 
where they produced silicotic fibrosis. 

There was correspondence and consultation 
between Dr. Irwin and Dr. Gardner regard- 
ing the difficulties with the metallic alumi- 
num. Dr. Irwin held the view that, if the 
metallic powder depressed the solubility of 
quartz in the test tube, it should possess the 


property of inhibiting the toxicity of silica. ° 


Tests showed that the solubility of the quartz 
was reduced 95% by the aluminum powder. 
Dr. Irwin suggested that the tissues be ex- 
amined for soluble aluminum by the aurin- 
staining method, but the sections of tissue so 
stained showed no aluminum. Chemical anal- 
ysis of the tissues for aluminum disclosed that 
very little metallic aluminum was present in 
the tissues, in comparison with the amount of 
aluminum found in the hydroxide-treated 
animals. In an intracardial injection experi- 
ment employing both the metal and the hy- 
droxide, in which equivalent quantities of 
aluminum were given, 25 times more alumi- 
num was found in the tissues of the guinea 
pigs receiving the colloidal aluminum hy- 
droxide than in the animals into which the 
metallic aluminum suspension had been in- 
jected (Table 6). Two other experiments 
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TABLE 6.—A mount of Aluminum Retained in Liver 
and in Spleen of Guinea Pigs After Intracardial 
Injection of Suspension of Colloidal Alumi- 
num Hydroxide and of Powdered 

Metallic Aluminum * 


Liver Spleen 

After Colloidal Metallic Colloidal Metallie 

Injection, Al(OH)s, Al, AM(OH)s, Al, 

Mo. Mg. Meg. Mg. Meg. 

1 44 

3 16.5 145.2 

27.4 124.3 §.1 

12 14.1 0.05 194.7 00 

Normal controls 0.024 0 to 0.58 


"The two suspensions contained equivalent amounts of 
aluminum; values given are milligrams of Al component 
per 100 gm. of dried tissue. 
confirmed these findings. Apparently our in- 
ability to prevent the flocculation of the 
metallic aluminum was responsible for the 
absence of the protective effect of the metal. 
Further injection experiments with metallic 
aluminum powder should be planned, utiliz- 
ing the newer dispersing agents now availa- 
ble. If the metallic aluminum can be localized 
in the liver and spleen, a protective effect 
against quartz particles in these tissues simi- 
lar to that observed with colloidal aluminum 
hydroxide should occur. 

Ixperiments in which groups of rats were 
exposed by inhalation to an atmospheric 
suspension of H-1010 for varying periods of 
time prior to exposure by inhalation to quartz 
particles are listed in Table 7. At the end of 
a year there was evidence of some inhibition 
of the reaction to the silica, but in none of the 
animals was the protection complete. The 
degree of protection was in proportion to the 


Aluminum 


TABLE 7.—Protective Effect of Aluminum Compounds Against Quartz * 


Duration of 


Duration of Silieotie Protection 

Exp. Species of Animals, Agent Exposure to Exposure to Tissue ry 

No. Animal No. Employed Aluminum Quartz Reaction Aluminum 

984-1 Rat 25 H-1010 8 hr. daily 8 hr. daily E.S.-3 A.P.-2 
tor 4 mo. for 1 yr. 

984-11 Rat 25 H-1010 8 hr. daily & hr. daily E.S.-3 A.P.-2 
for 2 mo. for 1 yr. 

984-LIL Rat 25 H-1010 8 br. daily &S hr. daily E.S.-3 A.P.-2 
for 1 mo. for 1 yr. 

984-1V Rat 25 H-1010 8 hr. daily 8 hr. daily E.S.-5 A.P.-0 
for 2 wk. for 1 yr. 

985 Rat 40 H-1010 1% hr. daily 7% hr. daily E.S.-4 A.P.-1 
for 12 mo. for 1 yr. 

1018 Guinea pig 2 Metallic Al 14 hr. daily 7% hr. daily E.S.-5 A.P.-0 


for 20 mo. 


* Inhalation of H-1010 powder and of metallic aluminum powder followed by inhalation of 
Concentration of H-1010 powder: 25 to 50 mg. per cubie foot of air. 


for 20 mo. 


quartz dust. 


Concentration of quartz dust: 700,000,000 particles per cubie foot of air. 
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Fig. 3.—Prophylaxis against experimental silicosis. Experiment 984-I—administration of 
H-1010 aluminum agent to rats preceding exposure to quartz dust. Microscopic sections. 4, lung 
of aluminum-treated animal; reaction limited to focal cellular reaction without collagen forma- 
tion. B, lung of quartz control ; fully formed hyalinizing nodules have developed. 


Fig. 4.—Partially effective prophylaxis against experimental silicosis by means of H-1010 
aa aluminum agent. Experiment 985—rats. Microscopic sections. 4, lung of aluminum-treated 


animal at end of one year of exposure to quartz dust for seven and one-half hours daily, pre- 
ceded by one-half-hour exposure to H-1010 aluminum agent; small cellular nodules only have 


developed. B, lung of quartz control without aluminum treatment; at end of eight months there 


is diffuse fibrosis. 


duration of prophylactic treatment with H- 
1010 and to the amount of H-1010 found in 
the lungs by chemical analysis. In those ani- 


mals which inhaled the aluminum agent for 
eight hours a day, the lung showed 42.3 mg. 
of aluminum per 100 gm. of dried lung at 
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the end of four months, compared with 7.5 
mg. of aluminum at the end of two weeks. 

In the groups of animals treated for one, 
two, and four months, respectively, by means 
of the inhalation of H-1010 before exposure 
by inhalation to quartz particles, evidence of 
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inhibition of the silicotic reaction was demon- 
strated. The lungs of an animal killed one 
year after exposure to the quartz particles 
showed a histological picture of widespread 
focal cellular proliferation, with no necrosis 
or hyalinizatigg. The lungs of the untreated 
animal showed large hyaline nodules (Fig. 
3). 

An experiment in which 40 rats were ex- 
posed by inhalation to H-1010 for half an 
hour daily, and then were transferred to an- 
other room and exposed to quartz dust for 
seven and one-half hours daily, demonstrated 
some inhibitory capacity of the aluminum 
agent, but the protection was not complete. 
The rats were observed for a period of one 
year, and the nodules did not become large 
enough to be recognized on gross inspection 
of sections. On microscopic examination, rare 
nodules were seen to have necrotic centers in 
some animals. There was incomplete pro- 
tection in the lymph nodes. In the control ani- 
mals, however, fibrous nodules were macro- 
scopically visible after 8 months, and the 
animals died before the 12th month. In 
the treated group, six animals were killed at 
the end of 12 months in order to terminate 
the experiment, but none died spontaneously 
(Fig. 4). 

An experiment in which 25 guinea pigs 
were exposed to 0.88 mg. of powdered 
metallic aluminum per cubic foot of air for 
half an hour daily, followed by exposure to 
a high concentration of quartz dust for seven 
and one-half hours daily, showed less pro- 
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tection than was found in the rats exposed 
to H-1010 on the same daily routine. At the 
end of one year, microscopic examination of 
the lung showed extensive dust reaction, with 
marked proliferation of macrophages in all 
sites of localization (Fig. 5). A distinct 
nodular pattern with small central hyaline 
fibrosis was observed in many lungs. Obser- 
vations were continued for 20 months, but 
intercurrent infections interfered with the 
study in the latter part of this experiment. 
Chemical analysis, however, showed that 
some metallic aluminum had accumulated in 
the lung. 


Fig. 5.—Incomplete protection against silicosis by 
means of powdered metallic aluminum. Experiment 
1018—guinea pigs exposed daily for half an hour 
to powdered metallic aluminum, followed by ex- 
posure for seven and one-half hours to quartz dust. 
Microscopic section. At end of 12 months there are 
nodular foci of extensive cellular reaction with cen- 
tral hyaline formation in the lung. 


Time of 


Method of Exposure 


Species Ani- Producing to Quartz 
Exp., of mals, Silicotic Dust Before 
No Animal No. Lesion Treatment 
773 Rabbit 4 Intravenous 5 wk. 
805 Rabbit 4 Intravenous 6 mo. 
804-1 Guinea pig 6 Inhalation 8 hr. daily 
for 6 mo.* 
804-11 Guinea pig 6 Inhalation 8 hr. daily 
for 6 mo. 
950-VIT Guinea pig 25 Inhalation 8 hr. daily 
for 11 mo. 
1030-1 Guinea pig 25 Inhalation 8 hr. daily 
for 6 mo. 
1030-111 Rat 25 Inhalation 8 hr. daily 
for 6 mo. 


agent. 


Time of 


Exposure 
After 

Aluminum Treat- Silicotie Protection 

Agent Method of ment, Tissue by 
Employed Treatment Mo. Reaction Aluminum 
Al(OH )s Intravenous 12 E.S.-3 to 0 A.P.-2 to 5 
Al(OH)s Intravenous 12 E.S.-3 to 5 A.P.-2 to 0 
Al(OH )s Intraeardial 12 E.S.-3 A.P.-2 
Al(OH )s Intraeardial 12 ES.-3 A.P.-2 
H-1010 Inhalation 13 E.S.-3 A.P.-2 

8 hr. daily 

Metallic Inhalation 6 E.S.-5 A.P.-0 
Al 1% hr. daily 
Metallic Inhalation 6 E.S.-5 A.P.-0 
Al 1% hr. daily 


* The exposure by inhalation to quartz dust was continued for another six months during treatment with aluminum 


239 


" 

2 

a 

AA 

= 

TABLE 8.—Therapeutic Effect of Aluminum Compounds on Preestablished Silicotic Lesions 

‘ a 


A. M. 


3. THERAPEUTIC EFFECT OF ALUMINUM AGENTS ON 
PREESTABLISHED SiLicotic Lesions 

The next group of seven experiments, 
listed in Table 8, was concerned with the pro- 
tective effect of aluminum agents adminis- 
tered either by injection or by inhalation to 
animals which had silicotic lesions in various 
stages of development. 

A group of rabbits was injected intra- 
venously with 500 mg. of quartz particles 
over a period of five weeks and then was 
given colloidal aluminum hydroxide by intra- 
venous injection. The treatment halted an 
extensive active proliferation. At the end of 
three months the silicotic reaction had retro- 
gressed to a simple phagocytic reaction re- 
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hyaline fibrous silicotic nodules and the dif- 
fuse fibrosis replacing all normal structures 
except the bile ducts. The microscopic ap- 
pearance of the section from the treated liver 
was normal except for a localized collection 
of large phagocytic cells inethe connective 
tissue between lobules and a few isolated 
phagocytes in the blood spaces ( Fig. 6). 


In another experiment with rabbits, the 
treatment was delayed until six months after 
the introduction of the quartz particles. In 
these animals it was observed that the hy- 
droxide had no effect on mature fibrous 
nodules present at the beginning of treat- 
ment, but immature cellular nodules re- 


Fig. 6.—Protection against intravenously administered quartz dust by means of intravenous 
injection of colloidal aluminum hydroxide. Experiment 773—rabbits received 500 mg. of quartz 
particles for five weeks, followed by 50 ml. of 0.2% Al(OH); for five weeks; result at end of 12 
months. Microscopic sections. 4, liver of aluminum-treated animal; normal except for small 
interlobular foci of macrophages. B, liver of quartz control, with confluent hyaline silicotic 
nodules replacing all liver cells; bile ducts survive. 


sembling the effect of a mild irritating silicate, 
such as that of the clay materials. The protec- 
tion was maintained for at least one year after 
completion of the quartz injection. The liver 
of the control animals showed massive sili- 
cotic cirrhosis at the end of a year, with 
marked destruction of liver tissue and re- 
placement by dense leather-like fibrosis. The 
liver from the rabbits which received the same 
amount of quartz particles with colloidal alu- 
minum hydroxide appeared normal except 
for small areas of pigmentation beneath the 
capsule. Microscopic examination of sections 
from the control liver showed the large 
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gressed and disappeared. Microscopic evi- 
dence proved regression of immature cellular 
nodules. The mature fibrous nodules re- 
mained unaltered. The liver of the control 
rabbit was completely fibrosed at the end of 
a year (Fig. 7). 

In a further experiment to determine the 
protective effect of colloidal aluminum hy- 
droxide on a preestablished silicosis, the hy- 
droxide was introduced intracardially. Four- 
teen guinea pigs were exposed for six months 
to a high concentration of quartz dust (800,- 
000,000 particles per cubic foot of air). 
Thereafter they were divided into two 
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Fig. 7—Capacity of aluminum hydroxide to arrest the progression of silicosis. Experiment 
805—rabbits received 500 mg. of quartz particles for one month in 10 equal intravenous injec- 
tions; six months later half of the animals received 10 injections of 0.2% Al(OH), for five 
weeks. Microscopic sections. A, liver of aluminum-treated animal, showing limited hyalinization 
and partial regression of silicotic nodules at end of one year. B, liver of untreated animal, show- 
ing complete hepatic fibrosis at end of one year. 


Fig. 8.—Capacity of intracardially introduced aluminum hydroxide to prevent completely 
the development of silicosis after six months of exposure to quartz dust, provided that no further 
exposure to quartz dust follows. Experiment 804—guinea pigs. Microscopic sections. 4, lung 
of animal exposed for six months to inhalation of quartz dust, followed by intracardial Al(OH) 
therapy and residence for six months in fresh air; reaction limited to macrophage accumulation 
within the alveoli. B, lung of animal exposed for six months to quartz dust, followed by intra- 
cardial Al(OH); therapy and a further six months’ exposure to inhalation of quartz dust; 
partial protection only; cellular nodules with partial central fibrosis and necrosis. 
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groups. Eight animals received weekly intra- 
cardial injections of 2 ml. of 0.2% aluminum 
hydroxide without further dust exposure, and 
six animals received the same treatment but 
with continued quartz exposure. There were 
appropriate controls. Four control animals 
were killed at six months to observe the de- 
gree of quartz reaction before treatment was 
initiated. Their lungs showed bronchiolitis, 
i. e., the stage of dust reaction before nodula- 
tion or fibrosis. The control animals which 
were exposed for six months and then re- 
moved to a normal atmosphere for another 
six months showed progressive silicosis. 
Microscopic nodules with hyaline necrotic 
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jection caused retrogression of silicotic lesions 
that had not yet reached the stage of maturity, 
but tissue already fibrous was not affected. 
The inhibiting effect apparently depended on 
the colloid reaching the tissue in the early 
stages of the silicotic reaction and being re- 
tained either by the same cells that had phago- 
cytosed the quartz particles or by other cells 
in the immediate vicinity. Chemical analysis 
of the tissue of the liver and spleen of animals 
which had received colloidal aluminum hy- 
droxide showed an accumulation of the silica 
in these organs. 

When powdered aluminum hydrate H- 
1010 became available, it was possible to 


Fig. 9.—Capacity of inhaled H-1010 aluminum agent to arrest silicosis if treatment is con- 
tinued long enough. Experiment 950—guinea pigs exposed for 11 months to inhalation of quartz 
dust for eight hours each day, followed by treatment with H-1010 for 13 months. Microscopic 
sections. A, lung parenchyma of a guinea pig treated with H-1010. B, lung of untreated quartz 
control, killed after six months, in which histological reaction shows unintentional protection 


(see text). 


centers were seen throughout the lungs. In 
the treated animals, nodule formation was in- 
hibited. The pulmonary lesions (Fig. 8) still 
consisted of localized areas of interstitial pro- 
liferation, and there were no metastatic foci of 
silicosis in the liver or spleen. The hydroxide 
had not prevented all tissue reaction but had 
reduced it to a mild and apparently non- 
progressive interstitial proliferation. Typical 
silicotic reactions occurred in the tracheo- 
bronchial lymph nodes. 

These experiments demonstrated that col- 
loidal aluminum hydroxide introduced by in- 
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introduce the aluminum agent directly into 
the lung by inhalation. Twenty-five guinea 
pigs in which immature silicotic lesions had 
been produced by previous exposure to a high 
concentration of quartz dust for 11 months 
were exposed for eight hours daily over a 
period of 13 months to an atmosphere con- 
taining an average of 1.57 mg. of H-1010 per 
cubic foot of air. The treatment was most 
effective in halting the progress of the silicotic 
lesions. Microscopic examination of the lungs 
of the four guinea pigs killed at 13 months 
after treatment showed focal proliferation of 
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mononuclear cells only. There was no evi- 
dence of fibrosis (Fig. 9). Analysis of por- 
tions of the guinea pig lung shown in Figure 
9 for aluminum showed the accumulation of 
125 mg. of aluminum per 100 gm. of dried 
lung tissue. 

The untreated quartz control animals that 
had been kept in a normal atmosphere after 
their removal from the dust room gave some 
unexpected evidence of the protective effect 
of aluminum. Some of the animals failed to 
develop a degree of disease commensurate 
with their exposure. Gross examination of 
the lungs of such an animal killed six months 
after removal to a normal atmosphere re- 
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that very small quantities of aluminum are 
sufficient to prevent progressive  silicotic 
lesions in the lungs of guinea pigs. 


4. Errecr or ALUMINUM COMPOUNDS ON THE 
Course oF TUBERCULOUS INFECTION IN 
ANIMALS Not Exposep TO 
Quartz Dust 
Since silicosis is frequently associated with 
tuberculosis, experiments were planned to de- 
termine (a) whether aluminum compounds 
would modify in any way the course of a 
tuberculous process in normal animals in- 
fected at the same time that the treatment 
with the aluminum was initiated, (b) whether 
the aluminum compounds would reactivate a 


Tasie 9.—Effect of the Inhalation of Aluminum Compounds on the Course of Tuberculous Infection in 


Animals Not Expos 


to Quarts Dust * 


Interval Be- 


Aluminum tween Infeetion Duration 
Species Animals, Agent and Exposure of Exposure 
Exp., No. of Animal No. Employed to Aluminum to Aluminum Results 
950-L1 Guinea pig 25 H-1010 Simultaneous 8 hr. daily Spreading tuberculosis in 
for 12 mo. lungs, with no deaths 
998 Guinea pig 25 H-1010 Simultaneous 1, hr. daily Does not alter the course of 
for 15 mo. R1 inhalation infection 
1018-11 Guinea pig 25 Metallic Simultaneous \% hr. daily 10 animals showed spreading 
Al for 25 mo. tuberculosis at time of 
autopsy, with no deaths 
950-1V Guinea pig 16 H-1010 #45 mo. 8 hr. daily Healing proceeded typically; 
for6 mo. no reactivation 
950-V Guinea pig 9 H-1010 6 mo 8 hr. daily Healing proceeded typically; 
for6 mo. no reactivation 
WIS-VILA Guinea pig 10 Metallie 2mo 14 hr. daily Healing proceeded typically; 
Al for 12 mo. no reactivation 
1018-VIIB Guinea pig 8 Metallie 4 mo hr. daily Healing proceeded typically; 
Al for 12 mo. no reactivation 
1018-VILC Guinea pig 8 Metallic 6 mo le hr. daily Healing proceeded typically; 
Al for 12 mo. no reactivation 


* Organism used, attenuated human tubercle bacillus, Strain Rl; method of infeetion, by inhalation. 


vealed multiple areas of reaction, but on 
microscopic examination these foci were not 
fibrous (Fig. 9). These lesions suggested a 
partially inhibited silicotic reaction. On ana- 
lyzing the portion of the lung of this animal, 
it was found to contain 38.6 mg. of aluminum 
per 100 gm. of dried lung. The upper limit 
for the aluminum content of a normal lung 
is 2 mg. per 100 gm. of dried lung tissue. 
On investigation it was discovered that the 
quartz dusting room had been contaminated 
by moving racks of cages from the aluminum 
room into the quartz room without first at- 
tempting to remove the aluminum dust that 
had accumulated upon the cages. Though 
this development constituted an unintentional 
inhibitory effect, the incident demonstrated 


partially healed or a healed tuberculous infec- 
tion, and (c) whether treatment with alumi- 
num compounds would alter the usual in- 
creased susceptibility to tuberculosis created 
by silicosis. In Table 9 are listed the experi- 
ments which will be briefly discussed. 

In the first experiment 50 guinea pigs were 
infected by inhalation of attenuated human 
tubercle bacilli, Strain Rl. As is well known, 
this organism causes in the guinea pig a self- 
limiting tuberculous reaction which heals by 
resolution or calcification. The group was 
equally divided. Twenty-five animals were 
exposed for eight hours daily, six days a 
week, for one year in an atmosphere contain- 
ing 1.57 mg. of H-1010 per cubic foot of air. 
The other 25 infected guinea pigs were kept 
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Fig. 10.—Harmful effect of massive aluminum 
therapy on the course of experimental tuberculosis. 
Experiment 950-II—simultaneous infection of 
guinea pigs by means of RI tubercle bacilli and 
exposure by inhalation to H-1010 aluminum agent 
eight hours daily for one year. Whole lung sections. 
A, lung of infected animal in which one year of 
exposure to H-1010 has resulted in massive fibro- 
caseous tuberculosis. B, lung of RI infection control 
without exposure to H-1010; standard reaction at 
end of one year, with minute, isolated, healed 
tubercles. 


in normal air as infection controls. In the 
controls the infection ran a normal course, 
healing by resolution, with the disappearance 
of most of the tubercles by 12 months. The 
findings in the infected animals exposed by 
inhalation H-1010 up to 
months, results similar to the controls. In the 
14 animals killed during the &th, 10th, and 
12th month after the inhalation of H-1010, 
however, all but one showed some spreading 
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Fig. 11.—Transitory stimulatory effect of minimal 
aluminum therapy on RI tuberculosis. Experiment 
998—guinea pigs infected with RI tubercle bacilli 
and exposed to H-1010 for half an hour daily. 
Whole lung sections. 4, lung at end of one month, 
showing a few small gelatinous tubercles and asso- 
ciated lymph node enlargement. B, lung at end of 
one year; a few calcific scars only may be found 
(multiple dark foci are lymphoid aggregates). 
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cellular tubercles in the lung (Fig. 10). Ina 
few animals the lesions were confluent. No 
necrosis or cavitation occurred. 

The results of this experiment indicated 
that excessive concentrations of the alumi- 
num agent exerted an unfavorable influence 
upon guinea pig susceptibility to tubercu- 
losis. Analyses showed as much as 156 mg. 
of aluminum per 100 gm. of dried lung tissue. 
Exposures to this compound in such concen- 
trations for eight hours daily were far in 
excess of any that would be contemplated for 
human therapy. Another experiment was 
similar to the one just described, except that 
the infected animals were exposed by inhala- 
tion to H-1010 for half an hour daily instead 


Fig. 12.—Transitory tuberculogenic effect of 
metallic aluminum dust. Experiment 1018—guinea 
pigs infected with RI tubercle bacilli by inhalation 
and exposed to metallic aluminum dust half an hour 
daily for 25 months. Whole lung sections. 4, lung 
at end of nine months, showing multiple spreading 
tubercles. B, lung at end of 12 months, showing par- 
tial regression of pulmonary lesions but persisting 
lymph node enlargement. 


of eight hours daily. Groups of animals were 
killed at intervals extending over a period of 
15 months. In the 50 animals killed the 
tuberculous lesions resolved and behaved in 
the same manner as seen in the lungs of the 
controls (Fig. 11). This experiment proved 
that exposure to the H-1010 aluminum 
hydrate for half an hour daily did not retard 
the healing of tuberculosis provoked in guinea 
pigs by the attenuated human tubercle bacil- 
lus, Strain R1. 
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Twenty-five guinea pigs were next iniec- 
ted with the attenuated human tubercle bacil- 
lus, Strain RI, and exposed to metallic alumi- 
num powder by inhalation for half an hour 
daily. Of the 25 infected guinea pigs, 10 
showed evidence of spreading tubercles in the 
lung. The spreading disease was observed in 
5 of the 16 animals killed during the first 12 
months and in 5 of 9 animals killed during 
the last 12 months of the experiment (Fig. 
12). Though the spreading disease was not 
marked and the features of the tubercles sug- 
gested that they would have healed if the 
animals had been allowed to survive longer, 
this finding contrasted with the favorable 
results obtained when exposure was to H- 
1010 for half an hour daily. 

The next experiments to be mentioned are 
also listed in Table 9 and concern attempts to 
reactivate a partially healed tuberculosis by 
the inhalation of H-1010 and of powdered 
metallic aluminum. 

The animals exposed by inhalation to H- 
1010 for eight hours daily for six months 
were divided into two groups. One group had 
been infected with the R1 strain by inhalation 
four and one-half months previous to the ex- 
posure to H-1010, and the other group had 
been infected six months prior to the ex- 
posure to H-1010. Over the period of six 
months autopsies of the animals revealed no 
evidence of reactivation or spread of the 
tuberculosis. 

Since it was observed that guinea pigs in- 
fected with the RI strain by inhalation showed 
some spreading tuberculosis when they were 
exposed half an hour daily by inhalation to 
powdered metallic aluminum, an experiment 
to determine whether the metallic aluminum 
would be able to reactivate an R1 infection 
was planned as follows. A batch of 30 guinea 
pigs was infected with the attenuated human 
tubercle bacillus, Strain RI. The animals were 
divided into three groups. In the first group 
the infection was allowed to proceed for two 
months, in the second group for four months, 
and in the third group for six months before 
the infected animals were exposed half an 
hour daily by inhalation to powdered metallic 
aluminum. The animals in all groups were 
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killed over a period of one year. There was 
no evidence of reactivation. Healing of the 
tubercles proceeded in a normal manner. 


CONCLUSIONS 

The experimental data presented in this 
paper warrant the following statements. 

1. By injecting into animals a suspension 
containing both quartz particles and colloidal 
aluminum hydroxide or powdered aluminum 
hydrate H-1010, it has been demonstrated 
that the aluminum agent specifically inhibits 
the characteristic fibrogenic reaction to 
quartz. Each aluminum agent has been found 
capable of completely inhibiting the silicotic 
reaction for over a year, and there is no indi- 
cation that it would not have continued to do 
so indefinitely. 

2. The injection of the aluminum agent 
causes resolution and healing of immature 
silicotic tissue reactions, but fibrous nodules 
do not disappear. However, further enlarge- 
ment of the fibrous nodules ceases after the 
institution of aluminum treatment. 

3. The silicotic reaction may be prevented 
by introducing into the body the aluminum 
agent and the quartz particles, together or in 
separate suspensions and by the same or dif- 
ferent pathways, provided that the inhibitor 
agent and the quartz particle localize in the 
same phagocytic cell. Unless such intimate 
contact is established, protection is slight or 
absent. This evidence indicates that the suc- 
cessful prevention and treatment of silicosis 
can be expected only when the aluminum 
agent is administered by inhalation. 


4. Prophylactically, the inhalation of pow- 
dered aluminum hydrate H-1010 limits the 
silicotic reaction to the innocuous prolifera- 
tion of macrophages in the lung parenchyma, 
and no fibrous reaction follows. As a treat- 
ment for established disease, the inhalation of 
H-1010 causes regression of immature sili- 
cotic lesions, but its only effect upon fully 
developed fibrous nodules is to prevent their 
further enlargement and their confluence. 


5. Normal animals, repeatedly receiving 
the aluminum agent by injection or by in- 


halation, show no evidence of any toxicity or 
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of any chronic change that appears to affect 
their health. The agent is ingested and re- 
tained for at least one year by connective 
tissue phagocytes. The metallic aluminum 
agent elicited the least cellular response. 


6. The inhalation of excessive amounts of 
powdered aluminum hydrate H-1010 for 
eight hours daily for one year transiently 
causes extension of the tuberculous process 
in some animals infected with attenuated 
human tubercle bacilli Strain Rl. The 
spreading infection does not, however, cause 
death. When the animals are exposed to 
H-1010 for only half an hour daily over a 
period of fifteen months, the hydroxide ap- 
pears to have no stimulatory effect on the 
benign course of this type of tuberculous 
infection. 

7. The transitory stimulatory effect of in- 
haled powdered metallic aluminum on the 
tuberculous process lasts somewhat longer 
in comparison with that caused by colloidal 
aluminum hydroxide under the same experi- 
mental conditions. 
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Silicosis of varying degrees of severity has 
been encountered sporadically in the ceram- 
ics industry. I have been associated for about 
12 years with such a plant which has been 
manufacturing bathroom fixtures since 1907. 
A study of the influence of aluminum therapy 
on the course of silicosis was facilitated by 
the fact that there was a very low turnover 
in workers. During the first 25 years of the 
existence of the plant, no connection between 
the ceramics industry and_ silicosis was 
recognized by management. Consequently no 
attempt was made to keep the plant dust-free. 
Silicosis first became recognized in Pennsyl- 
vania as a compensable disease during 1937. 
Since that time strenuous efforts have been 
made to clean up the plant. Dust levels aver- 
aging less than 5,000,000 particles per cubic 
foot (ppef) have been achieved in the casting 
rooms, with a range of 800,000 to 4,100,000 
ppef. It has not been possible to maintain 
such levels in the mixing rooms, where lim- 
ited numbers of personnel have been obliged 
to handle raw clays, flints, and feldspars. 

3ecause of the fact that the majority of 
employees work in the casting department, 
the greatest hazard, from the point of view 
of statistics, remains here, even though there 
is excellent ventilation and at points where 
dust is generated respirators are provided 
for the men. The respirators are not always 
in use. Soda ash is employed as a defloccu- 
lent. An incidental effect of this is that the 
soda ash increases the solubility of free silica 


Recorded for publication July 5, 1955. 
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in the raw materials, and this fact may have 
significance, because experimental work has 
shown ' that soda ash increases the solubility 
and subsequent toxicity of quartz. 

Clinical studies of casting department em- 
ployees in the ceramics industry, as a whole, 
have demonstrated that, in spite of dust 
counts averaging below 5,000,000 ppcf, from 
40% to 50% of the casters have radiological 
silicosis after 12 to 15 years of exposure. As 
the dust counts are low, the statistical finger 
of guilt points to the soda ash that is admixed 
with the silica. 

In my experience and that of other physi- 
cians * concerned with the ceramics industry, 
the radiograms in ceramics workers are best 
classified as follows: 

Class I: Normal chest 

Class IIA: Increased lung markings but still 
within normal limits 

Class IIB: Compatible with incipient silicosis 

Class III: Nodular silicosis 

Class IV: Coalescent silicosis 


Class V : Complication 


In grading the various cases, several 
groupings of the above five classes are pos- 
sible, e. g., IIA +V or III+V. The classes 
do not necessarily correspond to the degrees 
of associated disability. 

I have dealt with 139 ceramics workers 
continually during the past 12 years. Among 
these, 36 cases of indisputable silicosis were 
identified, the dominant lesions being those 
graded as Classes III and IV above. Two 
cases only of active tuberculosis were iso- 
lated. Thirty-two men were in Class IIB. 


* Hannon, J. W. G., and Bovard, P.: 
communications to the author. 
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In 1944, after two successful claims for 
occupational disease brought against the 
company, it was decided to treat the men by 
aluminum therapy. At this time dust counts 
over the entire plant were found to be 
below the legal occupational hazard level, ex- 
cept in the clay-mixing departments, and have 
been kept so during the whole past decade. 
All employees were given the opportunity to 
take treatment at regular intervals and in- 
deed were strongly urged to do so. No one 
was dicharged because of failure to use treat- 
ment. The method of adminstering alu- 
minum was technically identical with that 
described by Osmond. The regimen of 
therapy, however, deviated from his method 
in minor respects, owing to special environ- 
mental circumstances. Sixty-five per cent of 
all the men in the plant received constant 
aluminum therapy for the past 10 years, i. e., 
they received five to six minutes of aluminum 
powder inhalation once a week during 
the whole year. A total of about 1650 mg. of 
aluminum oxide powder per man per year 
was used. Another 25% of the men received 
sporadic treatment; i. e., owing to illness, 
absences, and lack of enthusiasm, they missed 
many of their scheduled treatments. When 
the company first started to administer alumi- 
num therapy, the men were put on frequent 
intensive courses of therapy, with intervening 
rest periods. After one year, however, it was 
deemed advisable to institute constant ther- 
apy at weekly intervals. All the men with a 
silicosis classification in Grades 3 and 4 re- 
ceived two or three treatments per week, 
totalling 600 to 700 minutes of therapy per 
annum as against an average of 230 minutes 
for those without silicosis or with incipient 
lesions only. As an additional aid in selected 
cases, | have, since 1950, used intermittent 
positive-pressure breathing administered by 
means of the MSA Pneumophor. Phenyl- 
ephrine (Neo-Synephrine) hydrochloride 
and Alevaire were introduced into the pa- 
tient’s respiratory passages by this means im- 
mediately prior to each aluminum treatment 
session. This method was resorted to in all 


men with advanced silicosis or with marked 
symptoms. 
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To assess the influence of aluminum in the 
control of silicosis in this ceramics industry, 
the following criteria were applied: (a) 
symptomatic improvement, aggravation, or 
stasis; (b) radiological progression, arrest, 
or regression. 

Of a total of 139 men who received alu- 
minum therapy for a period of 10 years, the 
results were as follows: 


No. 

Cases 

(a) Symptomatic 73 
25 

(b) Radiological 139 
117 
2 


Thus it appears that aluminum has a 
markedly beneficial effect in suppressing 
symptoms and in arresting radiographic ad- 
vance of the lesions of the men subjected to 
study. For instance, of 73 men who had 
symptoms at the start of their course of 
therapy, 62% were improved at the end of 
10 years, while only 34% showed no ameli- 
oration and 4% became worse in spite of 
therapy. 

Radiologically the following results were 
obtained: Of 139 men who started aluminum 
therapy in 1944, 84% remained unchanged, 
14% improved, while 2% progressed. 


COM MENT 


It was not possible to have adequate con- 
trols in this study because of management's 
desire that all employees should undergo 
aluminum therapy. The untreated group 
represents the employees of less than 10 
years’ work history and does not constitute 
a control group for the 10-year period. Many 
of these men entered the service of the com- 
pany during the last eight years and hence 
do not fulfill the requirements of this study. 
Others left the industry during this period, 
and thus their cases have no statistical im- 
portance. The only control resides in the 
experience of the company management in 
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respect of the numbers of key and skilled men 
that were conserved after the period of alu- 
minum therapy had been instituted as com- 
pared with the disturbing personnel losses 
annually experienced prior to this period. 
This improvement was also reflected in re- 
duced disbursements for disability compen- 
sation. Another corroboration of the value 
of the method comes in the form of sustained 
enthusiasm by the men during the whole 
10-year period and insistence on the part of 
the labor union that therapy must be con- 
tinued. 
SUMMARY 

One hundred thirty-nine employees of a 
ceramics plant with a known silicosis hazard 
were subjected to aluminum therapy for a 
period of 10 years. The average amount of 


CERAMICS 


INDUSTRY 


aluminum used annually for the employees 
without advanced silicosis approximated 1650 
mg. per case. Silicotics in the more ad- 
vanced stages received up to three times this 
amount at the start of treatments. 

The aluminum therapy appears to have an 
indisputably beneficial influence in suppress- 
ing symptoms, in arresting radiological ad- 
vance, and in improving the functional re- 


serve of ceramic workers. 
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Experiences will, Sibcosis 


in Mining 


J. K. GODIN, M.E., Belleterre, Que., Canada 


This deals with silicosis control 


measures and experiences in the gold-mining 


paper 


industry of the Province of Quebec where 
there are 16 straight gold-producing mines. 
All are located in the northwestern section, 
in the counties of Temiskaming, Rouyn- 
Noranda, <Abitibi-East, and Abitibi-West. 
These mines handle a minimum of 4,500,- 
000 tons of ore annually. The free silica 
content of this ore averages 70%. Of a total 
of 4150 employees, about 2900 are exposed 
to siliceous dust. 


CONTROL MEASURES 


In general, the control of silicosis has 
received in the gold mines of Quebec the 
attention which it warrants. The principal 
control measures are the following: medical 
supervision ; ventilation; dust control, and 
aluminum powder prophylaxis. 

Medical Supervision—As required by the 
Quebec Mining Act, every employee in the 
industry must have a medical certificate, 
issued by medical officers appointed by the 
Workmen’s Compensation Commission, 
which certifies that the applicant is free 
from diseases of the respiratory organs. 
Annual control examinations are also man- 
datory and necessitate issuance of a certificate 
which is renewed only if the employee is 
free from tuberculosis of the respiratory 
organs. 


Recorded for publication July 5, 1955. 
Manager, Belleterre Quebec Mines, Limited. 
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The results of the annual examinations are 
made available to the employer concerned. 
This is a great help in prevention work in 
that any employee who shows a predispo- 
sition to a lung disease may be placed in a 
nondusty occupation. 

Many of the mines required pre-employ- 
ment and annual control examinations with 
chest x-rays even before such examinations 
with the accompanying certificates were re- 
quired by law. When medical control became 
compulsory, workmen already employed 
whose chest x-rays revealed some abnormal 
condition, varying from slight fibrosis to 
some degree of silicosis, were given restricted 
certificates which enabled them to continue 
working at the mine where they were em- 
ployed at the time of the certification. These 
men either were advised to leave the industry 
or were transferred to nondusty occupations. 
The solutions to some of the problems en- 
countered were described at the 1952 Con- 
ference of the McIntyre Research Founda- 
tion by Fisher.* 

Ventilation (Consult also Appendix A).— 
Adequate ventilation and dust suppression 
are primary factors in the prevention and 
control of silicosis. Ten of our sixteen gold 
mines have mechanical ventilation systems, 
while the other six are ventilated naturally. 
Most main fans are placed on surface, and 
special permission from the Department of 
Mines is necessary for the underground 
installation of a main fan. A shaft usually 
provides the return air circuit, especially at 
the smaller mines. In development headings 
and isolated sections, auxiliary ventilation is 


* Fisher, R. S. M.: Examination, Practice, and 
Experiences Regarding Compensation and Certifica- 
tion, read before the McIntyre Research Foundation 
Conference, Noranda, Que., Jan. 28-30, 1952. 
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supplied by small compressed air or electric 
fans, exhausting or blowing through metal 
or rubberized tubing. 

In the mechanically ventilated mines, the 
air circulated in one day averages 50 cu. ft. 
per minute per ton of ore mined. Air circula- 
tion through stoping areas varies between 
600 and 4000 c. f. m., the average being 
1500 to 2000 c. f. m. 

The Department of Mines employs two 
ventilation engineers, one stationed in Que- 
bee City and the other in Noranda. Their 
duties include conducting periodic surveys 
of the ventilation and dust-control systems 
in underground workings crushing 
plants, making recommendations following 
these surveys, and conducting follow-up 
surveys. They are available also to assist 
in solving specific ventilation problems. 

Some of the larger mines employ their 
own ventilation engineers. In such cases the 
government engineers verify the surveys 
and systems to the satisfaction of the Depart- 
ment of Mines. 

Dust Control—Primary crushing is done 
underground at many mines. This operation 
produces the largest dust concentrations that 
underground men must breathe. For maxi- 
mum protection, good exhaust systems must 
be used and the dust-laden air removed to 
return air currents and not recirculated. 

Large and dangerous amounts of dust 
are produced in underground scraping and 
slushing operations.+ To keep dust counts 
at a minimum, the muck is continually 
wetted down during the working shift. This 
is complemented, especially in scram drifts,t 
by a good ventilation system. 

7 Slushing is a method of mechanical loading of 
ores. The scraper or slusher carries the load. It is 
pulled by a single drum hoist, operated by one man. 
Another man guides the slusher and pulls it back to 
the face. 

Scraper loading employs a two-drum hoist, the 
scraper being pulled back to the face by a cable 
through a fixed tail sheave. Only one man is needed. 

t A scram drift is an opening in a stope above the 
main haulage drift, generally at a right angle to it, 
whose purpose is to provide a passageway for ore 
from the stope to the haulage drift. 


Great concentrations of injurious dusts 
are generated by blasting operations. Danger 
from this source is minimized by the fact 
that before men are allowed to return to 
the scene of a blast much of the dust is 
suppressed or removed. Water sprays are 
used for such purposes throughout the 
industry. A mist-like spray is produced 
through a combination of compressed air and 
water. The sprays are turned on at blasting 
time and are left in operation throughout 
the interval between working shifts, a period 
of from three to eight hours. The water 
spray minimizes the dust produced by the 
blast, wets the walls and muck pile, dissolves 
nitrous fumes, and humidifies the air. Miners 
are required to further wet the working face, 
walls, and muck pile with a standard water 
hose before beginning work in a freshly 
blasted area. 

Drilling operations underground are 
further sources of dangerous dust concen- 
trations. Although the concentrations are 
ordinarily not so high as in some other 
underground jobs, more miners are sub- 
jected to the dust during the whole drilling 
shift. Wet drilling is universal practice. 
Most mines require the automatic air-and- 
water throttle, which makes it practically 
impossible to start or drill a hole dry. The 
vented front head and oversized water tube 
are also in common use on present-day drills. 

Ore pass dumps and drawpoints are 
further locations. Most 
dumps have doors that are kept closed except 
when a train of cars is being dumped. This 
keeps the dust out of travelways. Water 
sprays have been tried at drawpoints but 
proved unsatisfactory. Ore drawn from 
stopes is ordinarily moist. 

Underground samplers wear dust masks 
while cutting samples.$ 
~ § Cutting samples is a procedure for taking a 
representative portion from a whole material for 


dust-producing 


assay purposes. Underground, a sample is cut across 
a vein or ore face using a moil and single jack- 
hammer or more simply by means of a small hand 
pick. In a laboratory or assay-office cutting, a sample 
would entail putting crushed material through a 
sample splitter, which mechanically cuts a repre- 
sentative sample of the whole. 
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Surface crushing plants are also sources 
of large quantities of dust. Most plants have 
satisfactory exhaust systems which remove 
the dust-laden air from discharge ends of 
crushers, from screening floors, and from 
ore transfer points. 

Assay-office grinding rooms are equipped 
with exhaust systems. The operations which 
produce undesirable dust concentrations are 
crushing, riffling, pulverizing, and screening. 


TasLe 1.—Average Dust Counts in Metal Mines of Northwest Quebec 
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tains a high percentage of free silica, the 
average is below 5,000,000 ppef. Dust con- 
centrations increase with the rate of mining 
in a given area and the tonnage of ore and 
waste handled. The dust counts that have 
been most frequently met during mining 
operations are given in Table 1. For pur- 
poses of comparison, the base metal mines 
of northwestern Quebec are included in these 
figures, showing that some of these ores 


Dust Count, 


Operation Machine Mppect Comments 
Drilling Leyners and air-leg 10to 4.0 Holes collared wet and drilled wet in drifts 
drills and stopes 
Drilling Leyners and air-leg 6.0 to 20.0 Holes collared dry for a few seconds; lack 
drills of adequate water pressure 
Drilling Stopers 10.0 Holes generally collared dry; samples taken 
in raises 
Mucking Rocker shovel 20to 4.0 Muck wet; samples taken in drift headings 
and drawpoints 
Mucking Rocker shovel 5.0 to 10.0 Dry ore or waste 
Seraping or slushing Air slusher 3.0 to 5.0 Ore or waste kept wet 
Scraping or slushing Air slusher 8.0 to 12.0 Dry muck 
Scraping or slushing Electric slusher 3.0 to 10.0 Ore moist; stopes well ventilated 
Seraping or slushing Electrie slusher 8.0 to 40.0 Dry ore or waste; high counts produced in 
spite of good ventilation 
Chute pulling Hand-operated gates 10to 4.0 Ore moist 
Chute pulling Are-gate or chain-gate 10to 6.0 Ore moist 
chutes 
Chute pulling Are-gate or chain-gate Up to 20.0 Very dry ore 
chutes 
Chute blasting 3.0 to 5.0 Samples taken about 5 min. after blast 
Secondary breaking . . (sand blasts) 5.0 to 10.0 In well-ventilated grizzly drifts and scram 
drifts after smoke had cleared away 
Secondary breaking . . (sand blasts) 20 to 40.0 In smoke cloud exhausted from grizzly or 
scram drifts 
Underground crushing Jaw crusher 3.0 In crushing room; good dust-collecting sys- 
tem; exhaust piped to shaft; exhausted 
air being replaced by fresh air 
Underground crushing Jaw crusher 10.0 to 15.0 Dust-collecting system but exhaust air re- 
circulated 
Underground crushing Jaw crusher Over 25.0 to 60.0 Without any dust-collecting system; lower 
count obtained with very wet ore 
Skip loading Measuring pocket 3.0 to 10.0 Lower count obtained with wet ore and 


In taking dust samples, the Department of 
Mines engineers use the midget impinger. 
The samples are counted on a microprojector 
at a magnification of * 1000. There is no 
acid treatment given to the dust samples; 
so all the dust particles are counted. The 
maximum allowable concentrations are 
5,000,000 particles per cubic foot (ppcf) of 
air for dust with more than 50% of free 
silica and 10,000,000 ppcf of air for dust 
with less than 50% of free silica. 

Underground dust concentrations have 
varied from a low of 600,000 ppef to a high 
of 75,500,000 ppef, the average being about 
7,300,000 ppcf. In mines where the ore con- 
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good draft through loading station 


have as high a free silica content as the 
gold ores. Mining methods used are much 
the same. 

The dust counts in naturally ventilated 
mines were not higher than in the mechani- 
cally ventilated ones, probably because min- 
ing is done at a slower pace. However, traces 
of carbon monoxide can often be detected 
in the general atmosphere of the naturally 
ventilated mines, especially during the sum- 
mer months when natural ventilating pres- 
sures are often negative. 

In crushing plants the lowest dust count 
was 600,000 ppecf of air, and the highest 


| 
‘ 
4 


SILICOSIS CONTROL IN GOLD 


MINING 


Fig. 1—Dispersal of aluminum powder by compressed air ejectors in mine-clothes section of change- 


house. 


was 106,000,000 ppef. Crushing plants with 
very good exhaust systems have less than 
3,000,000 ppef of air in the general atmos- 
phere of the plant during the summer months 
and less than 5,000,000 ppcf during the 
winter Dust counts are always 
higher during the winter months because 
windows and doors are kept closed. They 
are higher too when the crushing machinery 


months. 


is first started and vary according to whether 
the ore is wet or dry. Crushing plants with 
poor exhaust systems have counts ranging 
from 10,000,000 to 20,000,000 ppef of air 
in the summer to 40,000,000 ppcf or more 
in winter. In these plants the employees are 
required to wear dust masks until recom- 
mended improvements are made. 

In mills dust concentrations are usually 
well below 5,000,000 ppef of air and do not 
present any hazard. In assay-office crushing 
rooms well-designed exhaust systems keep 
the dust counts below 5,000,000 ppef of air. 
However, if the employee is careless in 
cleaning pulverizers by means of compressed 
air jet, the count may be raised to 10,000,000 
ppef of air. Since the dust-producing work 
lasts for only an hour or two, the employees 
wear dust masks. 


Aluminum Powder Treatment.—Even 
with good ventilation and dust-control sys- 
tems, not all harmful dust is removed from 
the air that mine’ workmen must. breathe. 
For this reason, 12 of the 16 gold mines 
are today using aluminum powder as a 


prophylactic measure. A minimum of 2900 


Fig. 2.—Device for measuring powder concentra- 
tions used in aluminum powder treatments. 
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TaBLE 2.—Silicosis Cases Compensated by the 
Quebec Workmen's Compensation Commission 
1931-1953 


Per Cent 
Cases, of 
Industry No. Total 
bua 198 85 


men are employed by these 12 mines, and all 
who are exposed to siliceous dust in their 
work receive the aluminum powder treat- 
ments. 


The aluminum powder is dispersed by compressed 
air ejectors in the mine-clothes section of the change- 
house, as shown in Figure 1. A discharge pressure 
of about 40 Ib. per square inch is used, correspond- 
ing to a line pressure of 100 lb. Windows and doors 
are kept closed during the dispersal phase. The 
powder concentration recommended is a minimum 
of 20,000 particles per cubic centimeter for a 10- 
minute inhalation period or 10,000 particles per 
cubic centimeter for a 20-minute session. The 
powder concentrations are measured by means of a 
filter-paper sampler calibrated against the thermal 
precipitator (Fig. 2). The basis of dispersal is 
1 gm. of powder for each 1000 cu. ft. of room con- 
tent where the average period of exposure to the 
powder is 10 minutes. If the exposure period is to 
be 20 minutes, the amount of aluminum to be used 
is halved. Treatments are usually given when the 
workmen are coming on shift, but in some cases it 
has been found more satisfactory to administer the 
aluminum as the men come off shift. 


SILICOSIS RATES 


From 1931, when silicosis was first recog- 
nized as an industrial disease in Quebec, 
until 1953, the Quebec Workmen’s Compen- 
sation Commission compensated 230 cases, 
116 cases being complicated silicosis (tuber- 
culosis present) and 114 cases being un- 
complicated silicosis (Consult also Appendix 
B). The distribution is shown in Table 2. 
Nine of the twenty gold mine compensation 


TABLE 3.—Gold-Mining Silicosis Compensation 
Cases: Deceased Miners 


Average Average 
Age at Expo- 


Cases, Death, sure, 

Uncomplicated silicosis.... 2 51.0 17.0 
Complicated silieosis...... 7 50.3 13.4 


A. M. A. 
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TABLE 4.—Gold-Mining Silicosis Compensation 
Cases: Living Miners 


Average 
Age When Average 
Com- Expo- 
Cases, pensated, sure, 
Stage of Silicosis No. Yr. 
Primary silicosis........... 47.7 13.0 


7 
Secondary silicosis........ 2 43.5 12.0 
Complicated silicosis...... 2 43.5 11.0 


cases are now deceased; particulars are 
given in Table 3. Particulars of the 11 living 
cases are given in Table 4. Table 5 shows 
the years in which 20 cases were recognized 
as claims. 

Disability in these cases has varied from 
15% to 100%. Applicants for pension are 
referred to the Silicosis Referee Board of the 
Workmen's Compensation Commission by 
the local examining physicians. The proce- 
dures of this Board in examining claimants 
and establishing the degree of disability were 
described at the Noranda Conference of the 
McIntyre Research Foundation by Dr. 
Vidal,|| the Chairman of this Board. 


ROLE OF ALUMINUM IN SILICOSIS 
PREVENTION 

Because of the policy of management to 
attempt to suppress dust by every known 
or possible means, it is somewhat difficult 
to formulate a statistically valid indication 
of the specific role of aluminum in the control 
over the silicosis hazard. 

The working force is over 4000 men, and 
about 2900 of these are exposed to siliceous 


|| Vidal, J. A.: Examination Procedures for 
Silicosis as Practiced by the Workmen’s Compensa- 
tion Commission of Quebec, Canada, read before the 
McIntyre Research Foundation Conference, Nor- 


anda, Que., Jan. 28-30, 1952. 


TABLE 5.—Years When Gold-Mining Compensation 
Cases Were Recognised 


Cases, Cases, 

Year No. Year No. 
2 
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dust. To date we have had 20 compensation 
cases of silicosis. It is impossible to estimate 
how many men working under restricted 
certificates will eventually become claims. 
Undoubtedly some will; many will not. How- 
ever, from the results to the present time, 
it is evident that the control effort has been 
worth-while. 

Since 1947, the sharp decline in new cases 
of the disease in Quebec gold mines has 
been intriguingly coincident with the general 
adoption of aluminum powder prophylaxis 
in this industry. No other method of control 
was introduced at that time which can 
satisfactorily account for this change. A 
review of the problem at a later date may 
clarify the whole issue. Meanwhile, how- 
ever, personal conversations and correspond- 
ence with the other gold mine managers in 
Quebec have confirmed the general convic- 
tion that the beneficial influence of aluminum 
powder has been sufficiently impressive to 
continue its use. No ill effects have, more- 
over, been recorded the 
exposures, 


from aluminum 


Mr. Eugene Larochelle, Secretary-General of the 
Quebec Metal Mining Association; Mr. M. O. 
Lafontaine, Assistant Chief Inspector of Mines for 
the Province of Quebec; Dr. J. E. McArthur, 
Medical Officer for the Quebec Workmen's Com- 
pensation Commission, and the mine managers of 
the gold and base-metal mines of northwestern 
Quebec rendered assistance in the preparation of 
this paper. 

APPENDIX A 


EXTRACTS FROM REGULATIONS FOR THE SAFETY AND 
ProrecTION OF WORKMEN IN MINES AND QUAR- 
RIES, ESTABLISHED BY ORDERS-IN-COUNCIL 
VIRTUE OF THE QuEeBEC MINING AcT 


IN 


Ventilating Fans 

All fans except auxiliary fans shall be above 
ground and shall be reversible and all fans and 
structures containing the same shall be fireproof. 
Ventilation of Workings 

The ventilation in every mine shall be such that 
the air in all its workings that are in use or are to 
be used by workmen shall be free from dangerous 
amounts of noxious impurities and shall contain 
sufficient oxygen to insure the health of anyone 
employed in any such mine. In any mine workings 
where such conditions cannot be obtained by natural 
ventilation, means for mechanical ventilation shall 
be provided and kept in operation until such work- 


ings have been abandoned or until satisfactory 
natural ventilation shall have been brought about 
therein. 
Safety and Sanitary Precautions 

All buildings must be built and kept in such a 
manner as to secure the safety of employees and 
shall be well lighted and ventilated. The operator 
shall take necessary measures to insure removal of 
noxious gases and dusts. 
Masks 

The operator must supply to workers masks of 
a type approved by the Minister and designed to 
protect workers who are exposed to dust, gas, and 
irritating and dangerous fumes. 


APPENDIX B 


EXTRACTS FROM THE QUEBEC WorRKMEN’sS CoM- 
PENSATION ACT 


106. In this act, 


1.) the word “pneumoconiosis” shall mean a 
pathological condition of the lungs, due to breathing 
air containing dust characterized 
anatomically by generalized fibrous changes in both 
lungs; such word includes, especially, the diseases 
known under the names of “silicosis” and “asbes- 
tosis.” 


siliceous 


2.) the expression “siliceous dust” shall mean 
silica dust or other compounds of silicon, including 
asbestos. [21 Geo. V, c. 100, s. 105a; 2 Geo. VI, c. 
89, s. 1; 7 Geo. VI, c. 27, s. 6.] 

107. In order that “pneumoconiosis” may be con- 
sidered an industrial disease within the meaning of 
this act, the workman must have been actually ex- 
posed to the inhalation of siliceous dust in the course 
of his employment in the Province, during periods 
the total duration whereof amounts to at least five 
years. [21 Geo. V, c. 100, s. 105b; 2 Geo. VI, c. 
89, s. 1; 7 Geo. VI, c. 27, s. 5.] 


DISCUSSION 


On Papers sy Mr. Dworskt, Dr. Irwin, Dr. 
Osmonp, Dr. Perry, AND Mr. Gopin 
Prophylaxis and Therapy of Silicosis by Means 
of Aluminum 
Dr. Paut G. Bovarp: I have been particularly 
interested in silicosis for three decades and became 
interested in aluminum therapy about 1944. During 
the past 10 years, I have thus had an opportunity of 
watching x-ray films of some 4000 or 5000 persons 
exposed to quartz dust, some of whom have also 
been under treatment by means of aluminum ther- 
apy. I have found a decrease in the rate of progres- 
sion of silicosis among those who have been treated 
with aluminum powder. I think that this is an inter- 
esting and a prophetic thing to find after such a 
brief study, as it takes from 25 to 30 years to pro- 
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duce silicosis. The statement from Morris Dwor- 
ski’s discussion which impressed me most particu- 
larly was that possibly aluminum compounds are 
good for more than prophylaxis, since they help to 
eliminate the immature nodules in the established 
case of experimental silicosis. 

Dr. T. L. SHrpMAN: Have there been any studies 
in which a group of men receiving aluminum ther- 
apy were paralleled by a control group in the same 
industry ? 

Dr. L. M. D. Osmonp: I do not know of any 
such studies. We have a potential control group in 
this plant, and I tried very hard to get five or six 
men in for lung function studies. They were not 
available. 

Dr. JoHN SumMMERS: What type of pulmonary 
function apparatus did you use for your lung func- 
tion studies, and what kind of intermittent positive- 
pressure machine? 


Dr. F. We followed the standard 
methods evolved by Dr. George Wright, of Saranac 
Lake, in his studies on the pulmonary disability of 
the pneumoconiosis and placed greatest reliance on 
the blood gas levels at rest and on exercise. We also 
studied the limits of the capacities of the men to 
work and compared this capacity with the pre- 
dictable capacities of normal men. We also evaluated 
the percentage improvement of the vital capacity, 
maximum breathing capacity, and also arteriolar 
blood gas changes when the subjects breathed oxy- 
gen while performing work. 


GREGOIRE : 


Dr. Ketiie JosepH: What does aluminum and 
prevention therapy cost a company, and under what 
conditions may one use the method? 

Dr. J. W. G. HAnNon: There are one or two 
requirements that must be fulfilled before a com- 
pany can use aluminum. First, it must be proved that 
management is making every effort to reduce the 
dust of the plant to the practical working minimum. 
Second, there must be a medical control program. 
Third, there is a licensing fee of $1.00 per year per 
each man who is exposed to quartz. These dollars 
are paid to defray the expenses of the McIntyre 
Research Foundation in administering the patent, 
and any surplus must be dedicated to further re- 
search in industrial pulmonary diseases, chief of 
which is silicosis. 

Mr. T. C. Waters: I'd like to ask Dr. Schepers 
whether or not in his opinion as of this time the use 
of aluminum therapy either inhibits or retards the 
development of silicosis, whether it is safe to em- 
ploy, and whether this type of expedient may be the 
ultimate solution of the problem of silicosis. 

Dr. G. W. H. Scuepers: The Saranac Labora- 
tory has already produced conclusive experimental 
proof that in some forms aluminum is an effective 
prophylactic against silicosis. The issue that re- 


256 


A. 


ARCHIVES OF INDUSTRIAL HEALTH 
mains in doubt is whether the results of experiments 
with guinea pigs may be extrapolated to man. The 
clinical reports by the McIntyre Foundation on the 
prophylactic use of aluminum have all been favor- 
able. They have, however, had the flaw that no 
proper controls were set up, and there are some who 
reason that the simultaneous improvement in in- 
dustrial hygiene in the plants where aluminum was 
introduced was the cause of the improved silicosis 
statistics. This confusion of issues is regrettable. 
The problem could have been solved in South 
Africa, where excellent control facilities could have 
been established, but South African authorities 
were prejudiced against the method by the pre- 
mature criticism which emanated from Canada and 
the United States. Two of the main objections which 
have been raised against the employment of alumi- 
num have been that it might facilitate the develop- 
ment of tuberculosis and that the aluminum dust 
may itself cause a pneumoconiosis. 

There is no clinical proof that aluminum provokes 
tuberculosis when used as a prophylactic. Tubercu- 
losis rates in Canada have gone down, not up, in 
spite of the use of aluminum. Those who use the 
method would surely not be so callous as to continue 
to use it if they suspected that it provokes tuber- 
culosis. The Saranac Laboratory has shown that 
overwhelming exposures to aluminum hydroxide 
and metal powder, probably by lowering tissue re- 
sistance, mildly activate tubercle bacilli of the 
attenuated R, human strain found eminently suit- 
able to probe the capacity of inhaled dust to facili- 
tate the development of progressive tuberculosis. 
The lesions resulting from such concurrent ex- 
posure aluminum dust and infection by R, 
bacilli are transient and probably amenable to 
present-day therapy and therefore very different 
from the tuberculosis which complicates quartz ex- 
posures. Moreover, the tuberculogenic propensity 
only showed itself when experimental exposures to 
aluminum were excessive. When used in amounts 
comparable to the quantities to which the men are 
exposed for purposes of prophylaxis, the aluminum 
does not activate tuberculosis. 

We do not know much about the so-called clinical 
cases of aluminosis. Their occurrence has been 
limited to but a few German wartime industries. 
The pulmonary lesions may have been due to con- 
taminants of aluminum, as, for instance, stearin. 
No disease of comparable nature has been caused in 
animals. 


to 


I could not say whether aluminum is going to be 
the ultimate answer to the problem of silicosis. The 
first and most important method of prevention re- 
mains dust control combined with proper medical 
supervision. But there are certain circumstances in 
which quartz inhalation cannot be avoided. As we 
have prima-facie evidence that aluminum can pro- 
tect animals from the effects of quartz and as we 
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have no adequate reason to suspect that aluminum 
in the recommended dosage can cause harm, why 
not at least try it in cases of silicosis while we 
know of nothing else that can serve as a certain 
prophylactic? Certain exceedingly dangerous quartz 
derivatives and amorphous silicas have also found 
their way into the modern industrial environment. 
Means must be found to protect personnel against 
their deleterious effects, and, if engineering cannot 
but aluminum will do so, we have at least one 
method to try. 

Mr. T. C. Waters: Are the benefits reported by 
patients on aluminum therapy not merely psycho- 
logical ? 

Dr. G. W. H. ScHepers: Psychological support 
is a most valuable adjunct to any form of medical 
treatment ; indeed, it is an objective of medical ther- 
apy. Men who have been exposed to aluminum re 
port rapid and marked improvement in well-being. 
It is possible that this improvement may be imagi- 
nary. It is equally possible that the aluminum helps 
to counteract the toxic action of the accumulated 


quartz. The experiments of Berry and Christie 


MINING 


purporting to show that psychological improvement 
constitutes the only benefit to be derived from 
aluminum therapy are not conclusive, as they did 
not prove that their control substances were them- 
selves pharmacologically inert. The resistance to 
the concept that aluminum may help as a therapeutic 
agent stems naturally from the apparent permanence 
of the mature nodule. I do not believe aluminum 
can take away collagenous nodules. There is, how- 
ever, much more to silicosis than the mere de- 
velopment of nodules. Prolonged quartz inhalation 
leads to bronchitis, emphysema, and pulmonary vas- 
cular disease. Even though aluminum cannot re 
solve collagenous nodules which have already 
formed, if it can but alleviate bronchitis and emphy- 
sema or prevent the supervention of cor pulmonale, 
while retarding the formation of new nodules, its 
introduction will have been of great benefit to the 
employee. After all, except in the more advanced 
stages, the silicotic is not disabled by the nodules 
in his lung but rather by the above-mentioned func- 
tional mechanisms, which are in a measure reversi- 


ble and therefore amenable to therapy. 
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A. M. BAETJER, Sc.D. 

C. M. DAMRON, Ph.D. 

J. H. CLARK, Ph.D. 

and 

V. BUDACZ, Ph.D., Baltimore 


Epidemiological studies * have shown that 
the rate of bronchogenic carcinoma is sig- 
nificantly higher in men who had been ex- 
posed to high concentrations of chromium 
compounds in the chromate-chemical manu- 
facturing industry than in comparable control 
groups. In order to study the possible role of 
chromium compounds in lung cancer, two 
types of investigations were undertaken in 
this laboratory: (a) studies of the incidence 
of lung tumors and other pathological changes 
in several species of laboratory animals upon 
exposure to chromium compounds and (/)) 
chemical studies on the distribution of chro- 
mium in men and animals following exposure 
to these chemicals and the reaction of these 
compounds with body tissues and their con- 
stituents. The preliminary results from the 
lung tumor studies were presented at the 
Sixth Saranac Symposium. The preliminary 
results of the biochemical studies will be re- 
viewed in this presentation. The data are not 
complete because the experiments are still in 
progress. 


Recorded for publication June 6, 1955. 

Department of Environmental Medicine, School 
of Hygiene and Public Health, The Johns Hopkins 
University. 

This investigation was supported by Research 
Grant C-603 from the National Cancer Institute of 
the National Institutes of Health, Public Health 
Service. 
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The cancers which have occurred in the 
chromate workers have been located entirely 
in the respiratory tract. As far as is known, 
cancers have not occurred in the skin or nasal 
septal membrane of these workers, although 
skin ulcers and perforation of the septum are 
very common in persons exposed to chro- 
mates. Cancer of the gastrointestinal tract 
also has not been reported, although these 
workers must have swallowed a considerable 
amount of inhaled dust. Another character- 
istic exhibited by some of these cases was a 
relatively long latent period between the end 
of exposure and the appearance of the can- 
cers. In view of these facts, experiments were 
undertaken to determine the following: (a) 
whether chromium would be retained in the 
lungs or would be distributed to other tissues 
after introduction into the respiratory tract 
by inhalation or injection; (b) whether the 
presence or absence of cancer is related to the 
concentration of soluble and/or insoluble 
chromium in the lungs; (c) whether the 
lungs have a special affinity for chromium as 
compared with other body tissues, and (d) 
what part of the cell is atfected by chromium 
and what reaction chromium compounds have 
with the cell constituents. The biochemical 
studies were planned to elucidate these vari- 
ous problems. 


DISTRIBUTION OF CHROMIUM IN BODY TISSUES 
FOLLOWING EXPOSURE TO CHROMIUM 
COM POUNDS 


The first series of experiments included 
analyses of tissues from chromate workers 
who had died with and without lung cancer 
and analyses of tissues from animals which 
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REACTION OF 
had been exposed to chromium through in- 
tratracheal, intraperitoneal, or intravenous in- 
jection of hexavalent and trivalent chromium 
salts. 

Human Cases.—Lung tissue and, in some 
cases, other tissues were obtained at the time 
of pneumonectomy or autopsy from 10 men 
who had worked in the chromate chemical 
manufacturing industry. Of these cases, six 
had bronchogenic carcinoma, whereas four 
had no signs of any malignant neoplasms. 
The tissues were analyzed for both soluble 
and insoluble chromium.7 Lung tissue from 
two persons with no known exposure to chro- 
mium also was analyzed. 

Although the data from these human cases 
are meager and variable, certain general con- 
clusions appear to be valid. 

1. The presence or absence of cancer did 
not appear to be related to the average con- 
centration of the acid-soluble or acid-insolu- 
ble chromium found in the lungs at the time 
the cancer became evident. This conclusion 
was based on a comparison of the cancer 
cases with the noncancer cases and a com- 
parison of the portions of the lungs where 
the cancers were located with the noncan- 
cerous areas in the individual cases. How- 
ever, the concentration in different areas of 
the lungs varied greatly, and the concentra- 
tion in the area at the time of onset of the 
cancer was not known. The concentration of 
chromium in the bronchi was lower than that 
in the lungs. 

2. The average concentration of acid-solu- 
ble chromium in the lungs varied approxi- 
mately with the duration and extent of ex- 
posure. On the other hand, the concentration 
of the acid-insoluble chromium did not show 
any very definite relation to either of these 
factors. The most significant finding was the 
presence of considerable water- or acid-solu- 
ble chromium in the lungs many years after 
the end of exposure. 


+The micromethod used for the analysis of 
chromium in these experiments was a modification 
of the diphenyl carbazide method developed in this 
laboratory by Budacz. 


CHROMIUM COMPOUNDS 


WITH BODY TISSUES 

3. The concentration of chromium in the 
tumors varied greatly both in different areas 
of the same tumor and in the different cases 
but was lower than that in the lung tissue. 


4. In all the chromate cases, the concen- 
tration of soluble chromium per gram of wet 
or dry tissue or ash was greatest in the lungs. 
The concentration of soluble chromium in 
the other organs analyzed was variable and 
relatively low. Acid-insoluble chromium was 
not found in any organs except the lungs, 
tracheobronchial lymph nodes, and_ nasal 
cartilage. 

Animal Experiments.—In order to study 
the fate and distribution of chromium com- 
pounds introduced into the lungs, a number 
of guinea pigs were injected intratracheally 
with solutions of sodium chromate or potas- 
sium dichromate. One or two animals were 
killed immediately after injection and there- 
after at intervals up to 140 days. The urine, 
blood, and soft tissues were analyzed for 
chromium. 


During the first few hours following the 
injection of the soluble hexavalent chromates, 
some of the chromium passed rapidly from 
the lungs into the red blood cells and into the 
urine. After this initial period, the rate of 
elimination of chromium from the lungs de- 
creased, and the excretion in the urine ceased. 
considerable 


amount of chromium 


mained in the lung tissue for some weeks. 


Fe- 


The total amount of chromium in the blood 
cells decreased rapidly in the period between 
30 and 60 days after injection as the blood 
cells were destroyed. Although the total 
amount in the spleen was small, the concen- 
tration per unit weight increased rapidly dur- 
ing the first 30 days after injection and re- 
mained high for some weeks, undoubtedly 
owing to the destruction of the red cells. 

In the analyses completed up to the present 
time, no measurable amount of chromium has 
been found in the bones. 

Experiments are now in progress to study 
the retention in the lungs and distribution to 
other tissues of trivalent chromic chloride 
when injected intratracheally. 
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AFFINITY OF LUNG TISSUE FOR CHROMIUM 


In order to determine whether lung tissue 
has a special affinity for chromium, sodium 
chromate and chromic chloride were injected 
intravenously and _ intraperitoneally into 
guinea pigs. The animals were killed 24 and 
72 hours after injection, and the tissues ana- 
lyzed for chromium. The lungs did not remove 
more than a very small fraction of the total 
amount of chromium which reached this 
organ through the blood, and the concentra- 
tion of chromium in the lungs was no higher 
than that in the liver or spleen. The amount 
of chromium taken up by the lung tissue from 
the blood was approximately the same as that 
which remained fixed in the lungs four 
months after intratracheal injection of solu- 
ble chromates. 

Since bronchogenic carcinoma has occurred 
in man in response to chromium chemicals 
but has not been produced in animals, it 
seemed likely that the lung and bronchial 
tissue of man might have a greater affinity 
for chromium than that of other species. This 
possibility was investigated by suspending 
fresh slices of human, rat, and guinea pig 
lungs in dilute solutions of NagCrO,, 
KeCreO;, and CrCls. Liver slices were simi- 
larly treated. Preliminary results indicate 
little quantitative difference in the behavior 
of lung tissue as compared with liver or in 
the behavior of lung tissue from different 
species toward CrCl;. Human lung tissue 
seems, however, to bind hexavalent chromium 
to a less extent than does the lung tissue of 
guinea pigs and rats. Further experiments 
will be necessary to see whether this differ- 
ence is significant. 

These experiments indicate that the lungs 
do not contain any component which binds 
chromium to a greater extent than other tis- 
sues and that lung tissue of man does not 
bind trivalent cationic chromium differently 
from the manner in which lung tissue of the 
animals tested binds such chromium. There 
may, however, be a real difference in the 
manner in which the lung tissues of the vari- 
ous species react with hexavalent anionic 
chromium. 
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REACTION OF CHROMIUM WITH PROTEINS 
AND NUCLEIC ACIDS 


Combination of Chromium with Nucleic 
Acids —A study of the chemical reaction of 
hexavalent and trivalent chromium com- 
pounds with pure deoxyribonucleic acid and 
ribonucleic acid was made. At a pH of 7, an 
immediate precipitate was formed when 
CrCl; was added to either of the nucleic acid 
solutions, but no reaction was observable 
with the hexavalent chromates at this pH, 
and no precipitate formed until the pH was 
lowered to the point where the nucleic acids 
themselves precipitate. Analysis of the re- 
action product of CrCl; with the nucleic acids 
indicated that two moles of chromium com- 
bined with one mole of acid. 


Reaction of Chromium Chemicals with 
Proteins —The reaction of the hexavalent 
chromium salts, sodium chromate and potas- 
sium dichromate, and the trivalent salt, 
chromic chloride, with bovine plasma albumin 
has been studied. Aqueous solutions of this 
albumin have their isoionic point at pH 5.4. 
When these hexavalent chromates (1%-3% ) 
were added to protein solutions at a pH 
above 5.4, the solutions remained clear even 
after the chromate was removed by dialysis. 
showing that the protein was not denatured 
by contact with hexavalent chromates at a 
pH above 5.4. However, the hexavalent 
chromates were partially reduced to the triva- 
lent state by contact with the protein, as some 
trivalent chromium was found in the di- 
alysate. On the other hand, when hexavalent 
chromates were added to the albumin and the 
pH adjusted to a value below pH 5.4, a heavy 
white precipitate was formed. When the 
chromium was removed as completely as pos- 
sible by prolonged dialysis, the residual pre- 
cipitate contained approximately 1 mole of 
chromium per mole of albumin, was stable 
over a wide pH range, and was presumably 
denatured. 

When trivalent CrCl; was added to the 
albumin solution at a pH greater than 5.4, a 
precipitate was formed containing protein as 
well as chromic hydroxide. At a pH below 
5.4, the solutions remained clear, but when 
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REACTION OF 


the chromium was removed by dialysis, a 
precipitate was formed, indicating denatura- 
tion of the protein. This precipitate contained 
16 to 18 moles of chromium per mole of 
albumin. Although such a reaction would not 
occur at the normal pH of the body, it might 
occur under some local conditions of reduced 
pH, such as in inflammatory areas. 

Among those who provided the tissues included 
in this study were Dr. Russell S. Fisher, Chief 
Medical Examiner of Maryland, and members of 


the Department of Pathology of the Johns Hopkins 
Hospital. 
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A Biochemical Contribution 


LESTER D. SCHEEL, Ph.D., Saranac Lake, N. Y. 


The demonstration by Gye and Purdy * 
in 1922 that colloidal silica was toxic led to 
the theory that the fine particles of silica dust 
dissolve in tissue fluids and cause precipita- 
tion of a toxic colloidal silica. The first reac- 
tion which must occur at the surface of quartz 
particles to bring about such a result would 
be one of hydration. 

Si02+ 

Scheel, Fleischer, Klemperer, Smith, and 
Van Riper + found that if quartz particles 
lp to 3u in size are exposed to distilled water 
for 15 days continuously, 0.18 mg. of silica 
is dissolved. If, however, the solvent is 
changed each day, 0.22 mg. of silica is dis- 
solved in 15 days. If instead of distilled water 
a salt or a protein solution is used as the 
solvent, the amount of silica dissolved is 
much larger. To test the possibility that the 
rate of solution of silica may be inversely 
proportional to the silicic acid concentration 
in the solvent, the following experiment was 
performed. 

Pyrex glass was fractured in a mortar and sieved 
to remove the fine and coarse particles. The frag- 
ments, about 1 mm. in diameter, were placed in a 


glass tube and 
sodium carbonate 


washed alternately with 2% 
and 1% _ hydrochloric 
acid until the amount of glass dissolved by expo- 
sure for five minutes to the 2% sodium carbonate 
solution became constant. Small amounts of sodium 
silicate were then added to the 2% sodium carbon- 
ate solution, and the amount of silica dissolved 
in five minutes was determined. 


solution 


Recorded for publication June 6, 1955. 
The Saranac Laboratory. 
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The results of these experiments are given 
in Figure 1. These results show that the rate 
of solution of the glass particles is decreased 
by the addition of the sodium silicate, even 
though the solution is alkaline and the rate 
of solubility of the glass is greater than the 
rate of solubility of quartz. 

The “soluble silica” theory may be a pos- 
sible one if in the living tissue the silicic acid 
were to combine with some constituent and 
accumulate until gel formation took place. 
To test this idea, protein solutions contained 
in a dialysis bag were exposed to silica solu- 
tions and samples of the silica solution were 
analyzed at intervals until no further change 
in silica concentration took place. In these 
experiments it was found that there was no 
demonstrable interaction of protein molecules 
with monomolecular silicic acid. However, it 
could be demonstrated that if colloidal silicic 
acid formed in the protein solution protein 
precipitation took place after about two days. 

It then became necessary to determine the 
solubility of silica gel. 

To do this, dry silica gel was suspended in water, 
and the solvent analyzed at intervals for silica 
content by the molybdate blue method. In another 
bottle a solution of sodium silicate which had been 
titrated to pH 7 was allowed to gel and come to 
equilibrium. The colloidal silicic acid was removed 
by filtration through a dialysis membrane in a 
centrifuge and the filtrate analyzed. 


The results of this study are presented in 
Figure 2. The equilibrium value of 166 mg. 
per liter of soluble silicic acid in equilibrium 
with silica gel exceeds the values reported by 
King * for the solubility of silica in body 
fluids. 

Animal experiments conducted by The 
Saranac Laboratory have failed to reveal * 
any toxicity due to silica gel or molecularly 
dispersed silicic acid, because the silicic 
acid is rapidly eliminated from the body 
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fluids by the kidney. The transformation of 
silicic acid solution into colloidal silica gel is 
inhibited by the presence of alkali salts and 
protein in the solution. It is extremely 
unlikely that solution of particulate silica 
could produce a concentration of silicic acid 
sufficient to form colloidal silica at any point 
within the animal body. It became necessary, 
therefore, to study the surface reactions of 
quartz particles to determine the toxic action 
of this material when trapped in animal tis- 
sue. The nature of the pathologic lesion, a 
nodular growth limited to an area containing 
particles, suggests that the tissue stimulation 
is limited to the area containing the particles. 

In considering the experimental approach 
to a study of the surface reactions of quartz 
particles, definition of the nature of the sur- 
face of the quartz is pertinent. The crystal- 
line structure provides a uniform surface 
pattern in all particles. Further, each oxygen 
atom is linked to two silicon atoms, and when 
the crystal is fractured, the new surface cre- 
ated must undergo a readjustment of forces 
within the surface. This readjustment of 
forces within the particle surface results in a 
certain residual state which is called surface 
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tension or surface free energy. The quartz 
surface has one component of this surface 
free energy which can be characterized. This 
component is the negative charge of the par- 
ticle in water solutions. This surface charge 
is a colloidal characteristic which is a static 
expression of the nature of the distribution 
of forces in the surface of the particle. How- 
ever, this static charge can exert a field effect 
on polarizable materials, just as an electri- 
cally charged condenser can orient a polar- 
ized metal object. 
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sorbed will be proportional to the concentra- 
tion of the protein solution. In 0.01% crys- 
talline egg albumen solution, about 1 mg. of 
protein is adsorbed per gram of lp to 3n 
quartz particles. If the concentration is in- 
creased to 5% egg albumen, the amount of 
protein adsorbed increases to 120 mg. of pro- 
tein per gram of particles. 

By altering the hydrogen ion concentration 
of the protein solution, it is possible to give 
the protein molecule either a negative or a 
positive charge. Thus one can test the effect 


DISTORTION OF PROTEIN MOLECULES BY ADSORPTION 


O O 


PROTEIN MOLECULES 
IN SOLUTION 


QUARTZ 


PARTICLE 


5 0.0 


PROTEIN MOLECULES 
DISTORTED BY ADSORPTION 


FIGURE 3 


Protein molecules are polarizable in an 
electric field and as such might be affected by 
the surface charge of the quartz particle. To 
test this idea, crystalline egg albumen was 
chosen, because it is a protein obtainable 
commercially in a state of 
purity. Further, egg albumen is a_ protein 
which produces in the rabbit specific anti- 
bodies to the native and to the denatured 
state. Thus it might be possible to determine 
the state of the protein on the surface of the 
particle if adsorption took place. 

Our reported experiment * 
showed that quartz particles 1p to 34 in diam- 
eter can tenaciously adsorb protein to their 
surface and that the amount of protein ad- 
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of the charged silica surface on the adsorp- 
tion of protein molecules bearing various 
charged states. The alteration of hydrogen 
ion concentration in the suspending solution 
will not affect the nature of the silica surface 
forces. The amount of protein adsorbed may 
be expected to increase uniformly as the neg- 
ative charge on the protein decreases. When 
the protein molecule positively 
charged, the amount of protein adsorbed in- 
creases sharply. Thus the charge on the sur- 
face of the silica particle plays some part in 
the adsorption of protein molecules to the 
surface. 


becomes 


In an attempt to characterize the nature 
of the protein adsorbed by the quartz particle, 
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rabbits were immunized to native and to de- 
natured egg albumen. Quartz particles were 
then coated by exposure to native albumen 
solutions, washed thoroughly, and tested for 
agglutination by exposing them to the anti- 
bodies of immune rabbit serum. It was found 
by this test that the particles reacted with 
both native and denatured albumen anti- 
bodies. 

To determine whether the alteration in the 
protein characteristics during adsorption on 
the surface causes a permanent change in the 
protein structure, some of the adsorbed egg 
albumen was eluted and tested with the im- 
mune rabbit serum. The eluted egg albumen 
was found to react only with native anti- 
hodies. 

Thus the structure of egg albumen ad- 
sorbed to the particle surface has been shown 
to be altered only during the adsorbed state. 
This effect may be schematically presented 
as shown in Figure 3. 

Thus in the adsorbed state the protein 
molecule is distorted to such an extent that 
the surface presented to the immune anti- 
bodies has lost its structural specificity. 


This description of protein adsorption and 
alteration is evidence for the formation of a 
new surface on the inhaled quartz particle 
which is presented to the body as a result of 
the protein content of the interstitial tissue 
fluid. In an effort to determine the effect of 
the protein coat on the tissue reaction, the 
following experiment was carried out. 


Quartz particles 1# to 3 in diameter were sus- 
pended in a saline solution at a concentration of 1 
mg. per milliliter by boiling under a reflux condens- 
er for four hours. The particles were then coated 
with rabbit serum by adding 2 ml. of serum to 10 
ml. of the suspension of quartz particles and agitat- 
ing the mixture gently for eight hours. The suspen- 
sion was centrifuged and the supernatant solution 
decanted and discarded. The protein-coated particles 
were washed six times by resuspending them in 10 
ml. of saline solution and separating them from the 
wash by centrifugation. The washed particles were 
next suspended in saline at a concentration of 10 mg. 
per milliliter, and this suspension was injected sub- 
cutaneously into the rabbit ear so that 1 mg. of 


particles was placed at each injection site. A 
similar quantity of uncoated quartz particles from 
the same batch originally suspended in saline was 
injected subcutaneously into the other rabbit ear 
at the same time. The site of injection was removed 
at intervals from the rabbit ear by means of a 
sharp cork borer, fixed, sectioned, and examined 
microscopically. 


The result of this experiment confirmed 
cytobiologically the presence of the adsorbed 
protein layer.® 

SUMMARY 


Evidence for the solubility and surface- 
action theories of the action of quartz is re- 
viewed. 

The rate of solubility of glass is greater 
than that of quartz. 

There is no demonstrable interaction be- 
tween protein molecules and monomolecular 
silicic acid. 

Silicic acid is rapidly eliminated via the 
kidney, thus preventing its concentration to 
form colloidal silica. 

Quartz particles have, because of their sur- 
face characteristics, the faculty of adsorbing 
and denaturing protein. 

The effect of this adsorbed layer of protein 
on animal tissues was experimentally inves- 
tigated. 
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G. W. H. SCHEPERS, M.D., D.Sc., Saranac Lake, N.Y. 


It is the purpose of this communication to 
report the cytobiological phase of an experi- 
ment described by Scheel.' In essence the 
study comprised the multifocal, subcutaneous 
injection into rabbit ears of 1 mg. masses of 
quartz particles, 1» to 3u in diameter. One- 
half of the injections were of unmodified 
quartz, and the other half consisted of quartz 
with an adsorbed protein layer. Serial speci- 
mens of successive injection sites were taken 
for biopsy after the Ist hour, then at 6-hour 
intervals for the first 72 hours, and thereafter 
daily until the 10th day. 


Both the final histological result and the 
immediate local response emphasized the 
speed at which quartz provokes a tissue reac- 
tion. The influence of an adsorbed protein 
barrier was most apparent in the earliest 
phases of the cytological reaction and thus 
modified materially the final lesion. 

Differential effects were observed, respec- 
tively, at the center of the quartz particle 
mass, at its edge, and in the connective tissue 
of the peripheral zone at varying distances 
from the quartz site. Comparisons between 
the quartz and protein-coated quartz lesions 
were made at points equidistant from the 
mass centers. 


As all injections were made from uniform 
batches of coated and uncoated quartz, and 
as multiple sites were selected on the ears of 


Recorded for publication June 6, 1955. 
Director, The Saranac Laboratory. 


266 


individual rabbits, the only variables intro- 
duced were the exact tissue planes at which 
the particle masses were deposited and the 
intervals at which biopsy specimens were 
taken. The latter variable was deliberate. The 
former could not always be accurately con- 
trolled, and sometimes the quartz mass spread 
horizontally among tissue planes instead of 
remaining confined to one site. Though such 
ocurrences spoiled the continuity of biopsy 
series, each provoked characteristic cellular 
reactions which shed new light on the basic 
reaction of connective tissue to quartz. 
Enough animals were employed, moreover, 
to compensate for such technical errors and 
to furnish information to bridge gaps in indi- 
vidual series. 


The crucial period during which changes 
take place which will determine the ultimate 
lesion appears to be the first 72 hours. The 
reaction, however, continues beyond this time 
for many weeks. 


The successive cellular phenomena at vari- 
ous stages of reaction may now be described. 
Figure 1 shows the low-power appearances 
of ear sections at seven-hour and nine-day 
intervals, respectively. While there is little 
gross difference between the uncoated ( Fig. 
14) and coated (Fig. 18) sites after seven 
hours, a quite marked change has super- 
vened after nine days, the uncoated quartz 
lesions (Fig. 1C) having shrunk to a well- 
circumscribed, dense, dominantly necrotic 
area, while the, protein-coated quartz ( Fig. 
1D) has brought about an expanded cellular, 
granulomatous nodule which causes a local 
visible and palpable prominence. 
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Fig. 1—Reaction to quartz introduced subcutaneously into rabbit ears (low power). 4, 
uncoated quartz: seven hours; initial focus of reaction. B, protein-coated quartz: seven hours; 
uncoated quartz: nine days; limited, circumscribed, semi- 
necrotic residuum. J), protein-coated quartz: nine days; expanded, proliferative, fibrocellular 


initial reaction resembles Field 4. C, 


granuloma. 


While these major lesions are interesting 
to contemplate, the essential changes are 
more readily observed under high-power and 
oil-immersion microscopy. Typical features 
at the quartz mass center, at the edges, and 
in the surrounding tissues have been assem- 
bled in Figures 2 to 4. 


SERIAL TISSUE REACTIONS 


Quarts—Seven Hours.—The basic reac- 
tion is well defined within seven hours. At 
this stage the essential process consists of 
marked aggregation around the mass of par- 
ticles of eosinophilic polymorphonuclear leu- 
cocytes and histiocytes with a small propor- 
tion of plasma cells and lymphocytes (Fig. 
2A). 
distance of about 2 mm. all around the quartz 
deposit, and in and beyond this circumferen- 


Interstitial edema may be seen for a 


MANIFESTATIONS OF 


QUARTZ 


tial zone the eosinophiles and histiocytes and 
oceasional plasma cells, lymphocytes, and 
fibrocytes are migrating toward the primary 
lesion. There is a little hyperemia subjacent 
to the dust focus, but this is not a significant 
feature, and there is no extravasation of 
erythrocytes. 

Where the dust is well contained as a cir- 
cumscribed focus, a decisive wall of demar- 
cation separates it from the circumjacent 
edematous tissue (Fig. 3.4). This containing 
wall is composed of amorphous matter (al- 
tered tissue protein) in which some fibrocytes 
and collagen may be seen. The cells appear 
to be relatively healthy in this zone. More 
centrally, necrosis has commenced and mani- 
fests itself essentially as disintegration of 
some of the eosinophiles, whole granules and 
nuclei being scattered among the quartz par- 
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Fig. 2.—Cytoclastic processes at the center of the quartz mass (oil immersion). 4, uncoated 
quartz: seven hours; commencing cell damage; dominant cells are eosinophiles with a few 


lymphocytes. B, 


protein-coated quartz: seven hours; no lymphocytes present. C, uncoated 


quartz: 12 hours; extensive protein precipitation demonstrated. ), protein-coated quartz: 12 
hours; cells are better preserved and tissue protein denaturing less advanced. E, uncoated 
quartz lesion: 24 hours; cell approximation and damage. F, protein-coated quartz: 24 hours; 
greater survival of cells and nuclei. G, uncoated quartz: 72 hours; marked necrosis. H, protein- 
coated quartz: 72 hours; some karyorrhexis present. 


ticles. The lymphocytes, plasma cells, and 
histiocytes are more resistant to injury by the 
quartz (Fig. 2.4). 

Protein-Coated Quarts—Seven Hours.— 
At the corresponding seven-hour stage, the 
tissue reaction provoked by the introduction 
of 1 mg. of rabbit serum-coated particles of 
quartz shows many similarities to the reac- 
tion to uncoated quartz but also differs from 
In both 
instances there is a marked aggregation of 
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it in several significant respects. 


cells in relation to the mass of foreign par- 
ticles, and a surrounding halo of edema is 
present in which cytotropic effects are to be 
seen. 

Though the protein-coated dust deposit 
remains limited to the site of injection, no 
decisive line of demarcation in respect of 
cytological response is noted. The new cells 
overflow the edge of the particle mass and 
shade off gradually into the surrounding tis- 
sue. No degenerated formed elements are to 
be observed (Fig. 3B). 
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Fig. 3.—Cellular phenomena at the edge of the site of quartz deposition (Fields 4—D, high 
power; Fields E—H, oil immersion). 4, uncoated quartz: seven hours; sharp demarcation ot 
reactive zone. B, protein-coated quartz: seven hours; absence of sharp edge delimiting the reac- 
tion to the quartz mass. C, uncoated quartz: 12 hours; commencing histiocytic invasion of 
borders; D, protein-coated quartz: 12 hours; zone of transition obscured by migrating quartz- 
filled cells. E, uncoated quartz: 24 hours; fibrocytes and histiocytes advancing on quartz mass. 
F, protein-coated quartz: 24 hours; eosinophiles, lymphocytes, and histiocytes. G, uncoated 
quartz: 72 hours; fibrocytes aggregating together to form a continuous capsule. //, protein- 
coated quartz: 72 hours; particle-filled histiocytes with intervening fibrocytes. 


Once more there is an accumulation of coated quartz particles. Occasional fibrocytes 
eosinophilic polymorphonuclear leucocytes also be seen. 
: and histiocytes among the protein-coated Though there is some suggestion of necro- 
sis within the denser areas of cells, this 
change has by no means attained the stage 
seen in the sites of uncoated quartz. Once 
more this necrosis is limited to the eosino- 
phile polymorphonuclears. The histiocytes, 
on the contrary, show ingestion of the pro- 


tein-coated particles to a marked degree with- 
histiocytes migrating toward the mass of out any apparent injury. 


quartz particles (Fig. 2B). This time there 
are, however, no plasma cells or lympho- 
cytes; nor are the latter cell types to be seen 
in the surrounding tissues. Though eosino- 
philes also predominate at the center of the 
lesion, there is now a higher proportion of 
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Fig. 4—Sequence of cytological changes in the peripheral zone around the quartz site (oil 
immersion). 4, uncoated quartz: 12 hours; phalanxes of eosinophiles advancing on the lesion. 
B, protein-coated quartz: 12 hours; sparse presence of histiocytes. C, uncoated quartz: 24 hours; 
fibrocytes abundantly present. 1), protein-coated quartz: 24 hours; histiocytes, lymphocytes, and 
eosinophiles. E, uncoated quartz: 48 hours; admixture of fibrocytes and histiocytes. F, protein- 
coated quartz: 48 hours; particle-filled histiocytes, departing from the quartz site, passing 
fibrocytes and histiocytes advancing toward it. G, uncoated quartz: 144 hours; subsiding cyto- 
logical response. H, protein-coated quartz: 144 hours; fibrocytes interposed among emigrating 
particle-filled histiocytes and immigrant histiocytes. 


Ouartz—Twelve Hours.—Aiter 12 hours, 
the reaction to the uncoated quartz has ad- 
vanced. 
circumscribed character, but the whole is now 


The particle mass still retains its 


cut up into multiple units by interposed cellu- 
lar elements, the lesion giving a reticulated 
sectional effect. There remains a sharp line 
of demarcation between the focus of reaction 
and the surrounding edematous zone (Fig. 
3C). However, this edge is no longer formed 
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by a peripheral condensation of cells or 
formed elements, as the whole of the center 
now has opaque amorphous protein frag- 
ments evenly disposed throughout it ( Fig. 
2C).- 

At the periphery of the lesion and farther 
afield the cytological response now is an al- 
Solid 
phalanxes of these cells may be found ad- 


most pure eosinophile outpouring. 


vancing on the quartz mass, and more such 
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CYTOBIOLOGICAL MANIFESTATIONS 
cells are to be seen within distended capil- 
laries ( Fig. 44). Among the eosinophiles are 
to be found sparse numbers of histiocytes. 
Fibrocytes have now made their appearance 
in greater numbers. 

Protein-Coated Quarts—Twelve Hours. 
In the 12-hour protein-coated quartz lesion, 
the same essential differences noted at the 
7-hour stage once more prevail or are even 
somewhat exaggerated. Again the edge of 
the lesion shades off into the surrounding 
area without the establishment of a demar- 
cating line (Fig. 37). At the center of the 
lesion necrosis has not advanced perceptibly, 
and the majority of eosinophiles are as yet 
normal in appearance (Fig. 2/)). Phagocy- 
tosis of protein-coated quartz particles by 
histiocytes has proceeded apace, and in some 
sites these cells are markedly filled by such 
particles. 

In the surrounding tissues there are but 
few cells, and these are predominantly histio- 
cytes, though some eosinophiles are yet being 
attracted. No plasma cells or lymphocytes are 
in evidence and but few fibrocytes ( Fig. 4B ). 

Quarts—Twenty-four Hours.— At the end 
of the first day (24 hours), the edema sur- 
rounding the quartz reaction has receded to 
some extent. This emphasizes the sharp line 
the necrotic cellular 
zone which is coextensive with the mass of 
quartz particles. 


of transition between 


The majority of cells within the lesion are 
now necrotic (Fig. 2E). The injury they 
sustain is limited, however, to the cellular 
cytoplasm, and nuclei show pyknosis and 
karyorrhexis to a limited extent only. Much 
of the fluid within the lesion has been with- 
drawn, so that the cells are densely crowded 
together. At the edge of the lesion fibrocytes 
are accumulating (Fig. 3F). 


At the periphery of the lesion great num- 
bers of large fibrocytes and even fibroblasts 
may be found among the eosinophiles and 
histiocytes. Such fibrocytes are present even 
at a considerable distance from the dust mass 
(Fig. 4C). 

Protein-Coated Quarts — Twenty-four 
Hours.—The lack of definition of the edges 
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of the protein-coated quartz lesion is further 
emphasized at the 24-hour stage (Fig. 3/'). 
It is quite evident that this dust is being 
dispersed beyond the confines of the initial 
site of deposition. At considerable distances 
from the lesion, therefore, histiocytes may be 
found which have phagocytosed the particles 
and are transporting them away from the 
original site. More histiocytes are to be seen 
advancing on the dust site (Fig. 4D). The 
accumulation of these cells may account in 
some measure perhaps for the preponderance 
of histiocytes over eosinophiles, but it seems 
certain also that the number of the latter type 
of cells has fallen off somewhat. In the center 
of the primary site there is some additional 
evidence of necrosis (Fig. 2/), but it is 
apparent that the cells and formed elements 
remain well protected against the nocuous 
etfects of the quartz as a result of the inter- 
posed protein layer. 

Ouarts—Forty-eight Hours—By the end 
of the second day there are few cells surviv- 
ing intact in the center of the injected area. 
At the edge of the lesion rather more are 
seen which have not undergone too great a 
change. 

At the periphery of the lesion fibrocytes 
are now clearly the dominant cell type 
(Fig. 
the quartz-zone in large numbers. Occasional 


They may be seen advancing on 


histiocytes and eosinophiles lie among them. 
Many of the fibrocytes have taken position 
around the quartz area, and others have pene- 
trated into it. 
become 


The edge of the lesion has 
somewhat through the 
emergence of dust-filled histiocytes from the 
central area. 


irregular 


Protein-Coated Quartz — Forty-eight 
Hours—In the case of the protein-coated 
quartz, on the contrary, the periphery of the 
lesion shows but few fibrocytes, and the dom- 
inant cell still remains the histiocyte. A larger 
proportion of these cells are now filled with 
particles and, judging by the constant posi- 
tion of the nucleus in relation to the particle- 
filled cytoplasm, may be presumed to be 
departing from the quartz area while the 
distended cells advance on it ( Fig. 4). The 
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edge of the lesion is now a little better de- 
fined, owing to the accumulation of a zone 
of nuclear debris around the necrotic center. 
Cell destruction has advanced further during 
the past 24 hours and has reached the stage 
the uncoated quartz had already brought 
about a whole day earlier. 

Quartz—Seventy-two Hours.—The most 
distinctive feature marking this stage of evo- 
lution of the quartz lesion is the incipient 
emergence of a capsule ( Fig. 3G). This com- 
ponent tends to consist of two elements, 
namely, a circumferential multilayered zone 
and an internal layer, intermediate between 
the fibrous capsule and the central necrotic 
area consisting mainly of greatly swollen, 
dust-filled histiocytes. 

A larger number of fibrocytes have also 
penetrated into the edge of the necrotic mass, 
and it is plain to see that the essential process 
is now that histiocytes carry the dust to the 
outer edge, while fibrocytes insinuate them- 
selves into the necrotic area. A_ small 
locus of cellular debris remains in the center 
(Fig. 2G). 

Protein-Coated Quarts — Seventy-two 
Hours.—While there is now a comparable 
tendency toward peripheral fibrocytic aggre- 
gation, a decisive capsule is not yet being 
formed, probably owing to the greater dis- 
persal of the dust-laden histiocytes into the 
surrounding tissues. Indeed, it would seem 
that at this stage almost more protein-coated 
quartz particles are confined within greatly 
distended histiocytes outside the original 
focus of injection (Fig. 3H). The central 
portion of the lesion appears consequently 
denser because of closer approximation of the 
cellular components to one another through 
withdrawal of the particles (Fig. 2H). 

Quartzs—Fourth to Tenth Day.—The final 
process of coping with this mass of foreign 
particles appears to consist of a progressive 
increase in the number of dust-filled histio- 
cytes in the zone between the peripheral 
capsule and the central necrotic area. These 
cells appear unusually well preserved despite 
the presence of particles within them. Fibro- 
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cytes progressively come to lie between these 
macrophages so that ultimately the interme- 
diate capsular zone consists of a mixture of 
distended histiocytes and fibrocytes. This 
zone increases progressively, and by the 
10th day it equals in width the residual 
central necrotic core. Capillaries have now 
also penetrated into it, and along extensive 
stretches this zone is sharply demarcated 
from the center by layers of fibrocytes. The 
necrotic area now consists largely of an 
acidophilic granular cell debris within which 
nuclei may persist. Quite a considerable 
amount of quartz is still retained within it. 
The superficial fibrous capsule has not de- 
veloped any further. The whole terminal 
lesion is now relatively well circumscribed 
and about equal in size to the original area 
of reaction. At the periphery the cellular 
reaction has become relatively quiescent 
( Fig. 4G 

Protein-Coated Quartzs—Fourth to Tenth 
Day.—Owing to the initial greater range of 
peripheral dispersion of the quartz particles 
through the centrifugal migratory propensi- 
ties of the histiocytes and the diminished 
cytotoxic effect and the delay in fibrous 
reaction at the edges, the cross sectional area 
of the ultimate lesion provoked by the pro- 
tein-coated quartz particles is almost four 
times as extensive as that due to the un- 
coated quartz, and the residual necrotic 
center is all but resorbed, its edges merging 
with the surrounding cellular zone with no 
tendency toward the deposition of interven- 
ing fibrous layers. Nor is the outer zone too 
clearly defined from the surrounding. tis- 
sues, a decisive fibrous capsule never having 
been laid down. The edge of the whole lesion 
is now rather better demonstrable, however, 
by virtue of the marked contrast between its 
intrinsic highly cellular character and the 
relative acellularity of the surrounding tis- 
sue from which the intense eosinophilic and 
histiocytic reaction, previously so much in 
evidence, has been conspicuously withdrawn. 

The main mass of the granuloma now con- 
sists largely of particle-filled histiocytes and 
fibrocytes (Fig. 4H). Owing perhaps to the 
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fact that the histiocytes had traveled farther 
and become better spaced apart, relatively 
greater numbers of fibrocytes and other cells 
intervene among the individual histiocytes. 
Capillaries are also more numerous. Occa- 
sionally eosinophiles are yet present. \ fairly 
considerable amount of fine collagen has been 
deposited between the histiocytes, especially 
at the edges. 

The residual central debris is now much 
more of an amorphous basophilic mass than 
is the case with the pure quartz lesion, in 


EOSINOPHILS HISTIOCYTES 


QARTZ ee 
MASS 


2 DAYS 


MANIFESTATIONS OF 


FIBROCYTES 


QUARTZ 


Both forms of quartz immediately attract 
to them a large and equal number of histio- 
cytes and eosinophilic polymorphonuclear 
leucocytes, the latter initially being destroyed 
almost as rapidly as they reach the quartz 
masses. Very soon, however, it becomes 
evident that the pure quartz particles are 
the more destructive, and the initial necrosis, 
therefore, proceeds the more rapidly in rela- 
tion to them. The protein coating of the 


quartz in the relevant lesions, on the con- 


QUARTZ 
FILLED HISTIOCYTES OUTER CAPSULE 


INTERNAL CAPSULE 


NECROTIC 
CENTER 


5 DAYS 


10 DAYS 


PROTEIN COATED QUARTZ 


Fig. 5.—Differential connective tissue cellular reaction to uncoated and protein-coated quartz 
particles, showing manner of evolution of encapsulated and proliferative lesions. 


which nuclear structures are still distinguish- 
able, the cytoplasmic remnants of the cor- 
responding destroyed cells imparting an aci- 
dophilic character to the area. Virtually no 


quartz particles survive here. 


COMMENT 


The differential effects of uncoated and 
serum-coated quartz in the rabbit ear sub- 
cutaneous tissue are apparently explicable in 
terms of the relative rates at which cytolog- 
ical events follow one another and have been 
schematically summarized in Figures 5 and 6. 


trary, affords an initial protection to the 
leucocytes. 

As a result of the marked local toxicity of 
the pure quartz, a peripheral protein barrier 
is set up which defines the lesion from sur- 
rounding tissue. The protein-coated quartz 
does not provoke this interstitial reaction. 
Instead, the line of demarcation is soon lost. 

The latter change is accelerated by the 
behavior of the histiocytes. In the case of 
the protein-coated quartz, these histiocytes 
are not immediately as seriously injured as 
are those which phagocytose the pure quartz 
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PROTEIN COATED QUARTZ 
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Fig. 6.—Differential chemotropic, cytoclastic, and fibrogenic action of uncoated and protein- 


coated quartz particles. 


particles. Consequently the histiocytes mi- 
grate beyond the confines of the protein- 
coated quartz deposit, whereas this change 
is not seen to any great extent in the case 
of the quartz deposit. In this manner the 
protein-coated quartz is immediately more 
widely dispersed. At the same time greater 
advance out of the 
zone of the protein-coated quartz deposit 


numbers of histiocytes 
and take the place of those which have es- 
caped outward fully charged with their par- 
ticle loads. 

The uncoated quartz attracts fibrocytes 
more readily to their vicinity, and thus a 
fibrous capsule is more readily thrown up 
which further limits the spread of the lesion. 
The whole subsequent process must now pro- 
ceed within the confines of this capsule, 
which tends to limit or retard the entry 
of histiocytes and to determine the strong 
zonal differentiation which ultimately ensues. 

In the case of the protein-coated quartz 
lesion, virtually all the quartz is rapidly 
withdrawn from the original site by the 
phagocytic histiocytes. This feature deter- 
mines the final absence of a line of demarca- 
tion between the cortical fibrocellular zone 
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and the residual central amorphous center. 
The generous deposition of 
fibrous tissue between the histiocytes may 
perhaps be explicable on the supposition that 
a fibrogenic stimulus is gradually released 
from the quartz particles contained within 
the histiocytes. 


subsequent 


The final conclusion which may be arrived 
at is that these different effects are entirely 
explicable in terms of some barrier action 
which the protein coating, which is adsorbed 
onto the particle surface, exerts. This barrier 
may thus modify the selective chemotropism 
for connective tissue cells which the quartz 
particles exert. The uncoated quartz immedi- 
ately attracts eosinophiles, histiocytes, and 
fibrocytes. The coated quartz has a stronger 
tropism for histiocytes. 

The delayed attraction of fibrocytes by 
the protein-coated quartz after ingestion by 
histiocytes may perhaps be explicable on the 
supposition that the protein layer is slowly 
digested off the quartz and metabolized, 
whereafter a histiocyte filled with such par- 
ticles would not differ materially from one 
initially filled with uncoated quartz. At this 
stage the quartz would commence to exert 
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its full deleterious influence on the living 
cell components. 

The greater migratory propensity of the 
protein-coated-quartz-filled histiocytes may 
perhaps also be explained on the assumption 
that such cells are protected for a short 
while from injury by the quartz, which mani- 
fests itself only after the protein layer has 
heen digested off. 

The whole phenomenon atfords good con- 
firmation that protein is indeed adsorbed onto 
the quartz particles and sound evidence that 
such particles exert their harmful influence 
on tissue cells by virtue of the physico- 
chemical phenomena which operate at the 
quartz particle surface. 
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SUMMARY 
Serial cytological responses to the sub- 


cutaneous introduction of protein-coated 
and uncoated Ip to 3 quartz particles are 
described. 

The adsorbed protein acts as a_ barrier 
which selectively retards and modifies chemo- 
tropic and cytoclastic responses to the pres- 
ence of quartz. 

The quartz is consequently more widely 
dispersed by histiocytes, with a resultant 


exuberant fibrocellular lesion. 
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Experimental Study of the Effects 
O Glass Whol on olungs 


G. W. H. SCHEPERS, M.D., D.Sc. 
and 
ANTHONY B. DELAHANT, Saranac Lake, N. Y. 


The increasing modern industrial applica- 
tion of glass fibers in the production of rein- 
forced polyester resin plastics has revived 
interest in a series of experiments on glass 
wool and glass cotton in which one of us 
(A. B. D.) participated during the period 
1939-1947. 
in The Saranac Laboratory under the direc- 
tion of the late L. U. Gardner, M.D., whose 
unexpected and lamented demise prevented 


These studies were conducted 


the publication of reports on the results 
obtained. 

Three samples of glass wool were studied 
by the intratracheal injection technique. The 
experimental animals were guinea pigs. In 
addition, a long-term inhalation experiment 
was conducted, using glass wool during the 
first phase and glass cotton toward the end. 
This study involved the use of guinea pigs 
and rats. 

INTRATRACHEAL STUDY 

The diameters differed in the three glass- 
wool samples. The first batch (Batch A) 
ranged from 3» to 8 in diameter, with an 
average diameter of 6n. The second batch 
(Batch B) was approximately 3 in thick- 
ness, and the third batch (Batch C) meas- 
ured 3u and less in diameter, a large propor- 
tion being in the 1» range. The desired length 
of the fibers for the intratracheal studies was 


Recorded for publication July 11, 1955. 


Director (Dr. Schepers) and Research Associate 
(Mr. Delahant), The Saranac Laboratory. 
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three batches 


Photomicrographs of 
wool after reduction for purposes of intratracheal 
injection. 4, reduced about '% from mag. x 100; B, 


of glass 


reduced about ’% from mag. « 300: C, 
about ¥s from mag. x 300. 


reduced 


20p-50pn. The fibers were prepared by pre- 
liminary grinding in a carding mill and were 
passed through a 200 mesh screen, ground 
lightly in an agate mortar, and separated 
by sedimentation in water. Two of the prod- 
ucts were then prepared as 5% suspensions 
and the third as a 0.5% suspension by weight 
in isotonic saline. All three were thereafter 
arnoldized at 100 C for one hour. The 
Figure illustrates the physical appearance of 
the glass fibers from the three batches. 

The glass fibers were introduced intratracheally 
in three doses of 0.5 cc. each at weekly intervals in 
each case. For Batch A, five guinea pigs were 
used, and all survived the process for a year. For 
Batches B and C, there were eight animals each. 
Two deaths occurred in each group, and there were, 
therefore, enough animals in each group to permit 
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EFFECTS OF GLASS WOOL ON 


TABLE 1.—Pulmonary Effects of Glass-W ool Fibers 
Intratracheal Experiment 905 


Glass Guinea  Sur- Died 
Wool, Pigs, vival, or 
Type No. Wk. Killed Gross Pulmonary Reaction 
¢ 905-1 4 k One focus of atelectasis 
2 8 k Paravertebral adhesion 
4 J 3 17 k Large hyperemic foci 
) 4 33 iN Nil 
6 kK Isolated conglomerate 
\ areas of pigmentation 
( 994-4 2 D Left caudal lobe ate- 
lectatic 
1 4 K Focus of atelectasis 
2 17 iN Nil 
3 33 kK Nil 
kK Nil 
7 76 D Pneumonia with necrotic 
B areas 
¢ General atelectasis and 
Large necrotie apical 
lesions 
Foeal atelectasis and 
7s k necrosis 
Puekered pigmented sear 
1053-1 4 k Linear focus of ate- 
lectasis 
8 6 D Pneumonia 
? 7 iN Small foeus of atelee- 
tasis 
‘ 6 33 D Pneumonia and multi- 
focal atelectasis 
33 kK One focus of atelectasis 
a kK Area of atelectasis in 
7] . each set of lungs 


samplings at 4-, 8-, 17-, 33-, and 52-week intervals 
In the case of Batch B, animals were examined 
76 and 78 weeks after the initial injection. 

The results of these intratracheal studies 
Table 1. It would 
appear that glass wool of the first type, A, 
was relatively inert. No animals died, and the 


have been summarized in 


pulmonary lesions were minimal. This result 
may have been anticipated in view of the 
relative thickness of component glass fibers. 

In the case of glass wool type B there 
were no early reactions except for foci of 
atelectasis. However, in the animals killed 
after the 75th week, major pulmonary dam- 
age was revealed. 

Glass wool of the third type, C, whose 
component fibers were relatively slender, 
appeared to provoke mainly focal atelectasis. 

The prevalence of focal atelectasia is ex- 
ceptional in this series and may represent a 
specific type of reaction to the introduced 
glass wool fibers of the caliber and length 
used in these studies. It is to be noted that 
no fibrosis was macroscopically perceptible 
in relation to these areas. 


ANIM. 
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INHALATION STUDY 


The fibers of the glass wool used in the 
inhalation study approximated 6p in diam- 
eter. The material was dispersed from a 
modified dust hopper in a dust room measur- 
ing 8 by 8 by 8 ft. The dust concentra- 
tions inside the cages ranged from 0.143 to 
0.146 mg. per cubic foot, as determined by 
the electrostatic precipitator method. Im- 
pinger counts gave readings ranging from 
1,400,000 to 2,200,000 particles per cubic 
foot of air by light-field count. These were 
the maximum concentrations obtainable by 
this method of dissemination. 

Chemical analysis of the parent material 


vielded the following percentage composition : 


Component 
O4 
9.65 
16.70 
4.30 
0.32 
<110 ¢ 0.28 


One hundred guinea pigs were exposed to the 
glass wool for a period of 40 months. However, at 
about the 20th month, the nature of the dusting 
agent was changed from glass wool to glass cotton, 
with a maximum fiber diameter of 34, and a con- 
centration of 0.03 to 0.07 mg. per cubic foot of air 
was maintained. The experiment was thereafter 
continued until the end of the 40th month. 

A series of 50 white rats were likewise exposed 
to glass wool in the same chamber for 20 months 
and subsequently to glass cotton dust until the end 
of the 24th month. 


Animals were killed in batches of three to 
six at 2-, 4-, 9-, 12-, 18-, 24-, 36-, and 40- 
month intervals. The observations are re- 
corded in Tables 2 to 5. 


OBSERVATIONS 


first be directed to the 
differential mortality rates for the guinea 
pigs and rats, respectively. Seventeen out of 
one hundred guinea pigs and twenty out of 
fifty rats died during these experiments. It 
should be recalled too that the guinea pig 
experiment was carried along for 40 months, 
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TaBLeE 2.—Effect of Inhaled Glass Wool and Glass 
Cotton on Guinea Pig Lungs 
Spontaneous Deaths 


Guinea Sur- 


Pigs, vival, Cause Gross Pulmonary 

No. Wk. of Death Dust Reaction 

67, 69, 70 4 ) 

36 5 

28 Pneumonia > Nil 

97 | 

57, 81 65 J J 

26 102 30welob- ) Isolated foci of brown 

struction \ to black pigmentation 

41 138 Pneumonia ( measuring up to 2 

36 138 Enteritis } mm. 

47 13s Geometric pattern of 
pigmentation anteri- 
orly, with isolated 
foci elsewhere 

142 > Congestion, with linear 

| and focal pigmenta- 
tion 

58 10 Dark green large dis- 
erete foci of pigmen- 

tation anteriorly, 
Pneumonia with smaller foci 
posteriorly 

72 164 Obsecured by pneu- 

| monie process 
ri 170 Dark green foci of pig- 
a) | 171 ) J mentation anteriorly 


while the rat exposures terminated after 24 
months. Only nine guinea pigs had died by 
the end of the 24th month. The ratio be- 
tween guinea pig and rat deaths under identi- 
cal environmental stresses, therefore, comes 


to 9: 40. 


In all but a few instances deaths were 
attributed to pneumonia in the case of the 
guinea pigs, while the rats likewise died of 
pulmonary inflammatory states in the major- 
ity of cases. In the case of the guinea pigs, 
the deaths are irregularly dispersed over 
the whole 40-month period, and there is no 


TaBLeE 3.—Effect of Inhaled Glass Wool and Glass 
Cotton on Guinea Pig Lungs 
Serially Killed Animals 


Killing 
Guinea Periods, 


Pigs, No. Wk. Gross Pulmonary Dust Reaction 


86, 87 8 Nil 

1,2 16 Marginal atelectatic areas 

3to8 39 

9tol4 52 } Isolated subpleural foci of black 
15 to 24 78 | pigment, with pleural retraction 
25 to 35 102 

46, 61, 71, _t 196 l Foci of atelectasis; scattered to 
82, 83, 88, 91 confluent pigmentation, with 

61, 91 134 J incipient geometric pattern 

37 to 40 

48 to 43 } 156 t Small diserete foci of dark green 


48 to 50, 59 60 { pigmentation anteriorly 
} Dark green pigmentation, with 
173 \ early geometric pattern anteri- 
2 { orly and widely seattered iso- 
) lated foci elsewhere 
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TaBLe 4.—Effect of Inhaled Glass Wool and Glass 
Cotton on Rat Lungs 
Spontaneous Deaths 


Sur 
Rats, vival, Cause Gross Pulmonary 
No. Wk. ot Death Dust Reaction 
31 16 Pneumonia Nil 
11 46 ? Minute foei of pig- 
mentation 
12 48 Pneumonia Pleural pigmented 
plaques 
32 Lung abscess 
41, 42 51 Pneumonia 
43, 13 52 Lung abscess | 
9 53 Pneumonia 
10 Abdominal tumor Nil 
45 Pneumonia 
14 62 Collapsed lung 
and contralateral | 
emphysema 
15 64 Lung abscess Scattered nodules 
36 65 Lung abscess > 
16 72 Pneumonia L Nil 
4 77 Salivary gland 
fibroma 
26 x2 ? Pigmented foei and 
pleural plaques 
46 SY Pneumonia Nil 
27 100 ? Isolated focus of 
pigment 
28 104 ? Pleural pigmented 
plaques 


mortality pattern which could not be ac- 
counted for readily by normal chance and 
the influence of age. The majority of the 
rats, on the contrary, appeared to die after 
the first year of exposure, and there is a 
maximal or peak death rate between the 50th 
and 70th weeks of survival. 

It should also be observed (Tables 4+ and 
5) that lung abscesses were relatively com- 
mon in the rats (10%). On macroscopic 
inspection, these abscesses resembled tumors. 
Comparable lung lesions were not found in 
the guinea pigs. In this group of animals 
there were signs of regional alimentary tract 
obstruction with distended stomach or large 
bowel in 7% of the pigs. This lesion, on 


TABLE 5.—Effects of Inhaled Glass Wool and Glass 
Cotton on Rat Lungs 
Serially Killed animals 


Killing 
Rats, Intervals, 

No if Gross Pulmonary Dust Reaction 
a = \ Isolated to moderate numbers of 
3, 4, pont if minute pigmented foci 
6, 7,38 wv 

io 74 ) Sparse black foci less than 1 mm., 

‘ \ ig reas 

17-20, 40 m8 with atelectatic areas 


Pneumonie areas in Rat 18 
29, 30 Sparse focal pigmentation 
47-49 102 Rat 48—chronie upper lobe tumor- 
like abscess present 


- 
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1.3% 
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further analysis, appears, however, to have 
affected animals during the 30th month of 
their survival and probably has nothing to 
do with the glass wool, probably being due 
to a dietetic factor or intercurrent infection. 

In the guinea pigs, dust reaction foci were 
not detectable by macroscopic examination 
until the 40th week of exposure. However, 
by the fourth month marginal atelectatic 
areas were already manifest, and these are 
presumed to be signs of glass-dust action 
because they appear definitely to be related 
to pigmented areas at a later stage. 

It is of interest to note also that the earliest 
pigmented foci appeared subpleurally and 
were more frequent anteriorly, while a geo- 
metric pattern first made its appearance 
toward the 138th week of exposure. Ulti- 
mately dark green foci of pigmentation 
appeared. 

In the case of the rats, on the contrary, 
the lungs were remarkable for the paucity 
of evidence of either dust pigmentation or 
reaction. Indeed, though foci of pigmenta- 
tion appeared, these were less in evidence in 
the animals which had died spontaneously 
than in those serially killed. 


COM MENT 


These gross pathological phenomena will 
be further elucidated elsewhere.’ It would 
appear from the foregoing, however, that the 
effect on the pulmonary tissues of animals of 
glass wool of the caliber and fiber length 
used in the experiment is not wholly inert. 
While the fibers are not fibrogenic, they do 
appear to be trapped in the lungs, and though 
they provoke no macroscopically detectable 
reaction, the prevalence of pulmonary infec- 
tion in the rat particularly and the frequency 
with which focal atelectasis was seen in the 
guinea pig more especially suggest a possible 
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causal relation between these occurrences 
and the experimental dust exposure. 

In this connection caution should be ex- 
pressed against applying the information 
derived from this study too directly to the 
problem of the modern glass wool or glass 
fiber industry. Since these experiments were 
started, many technical changes have been 
introduced into the method of preparing glass 
wool or glass fibers, and the product cur- 
rently available to commerce is considerably 
lighter in caliber than that used in the pres- 
ent study. The results of a current study on 
one such product will be communicated at a 


Jater date. 


SUMMARY 


The results of three intratracheal experi- 
ments with glass wool and one inhalation 
experiment with glass wool and glass cotton 
are described. 


Focal atelectasis was the dominant lesion 
in the animals in which the glass wool was 
introduced intratracheally. 


The severity of the reaction appeared to 
be inversely proportional to the caliber of 
the glass fibrils. 

The inhalation experiment was attended 
by a relatively high mortality from pulmo- 
nary causes in the rat but with little gross 
evidence of dust reaction. 

In the guinea pig, the glass wool was 
observed to be focally deposited and retained 
in animals that survived long enough in the 
dusty environment. 

No macroscopic evidence of fibrosis was 
adduced. 
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Phe Biological oO Glass Whol 


Studies on Experimental Pulmonary Histopathology 


G. W. H. SCHEPERS, M.D., D.Sc., Saranac Lake, N.Y. 


Glass wool is fabricated by ejecting molten 
glass by means of supercharged steam into a 
chamber where fragments varying from 25 
to 30 cm. in length fall. During the process 
of manipulating this product in the manu- 
facturing of textiles, fragments are released 
into the air and have been known to act as 
skin irritants,’ but they have not been in- 
criminated as a cause of pulmonary fibrosis,* 
though occasional cases have been cited in 
connection with which the inhalation of glass- 
wool dust has been implicated as a contribut- 
ing cause of pulmonary disease oi variable se- 
verity.* At the most, these reactions have 
been attributed to mechanical irritation, as 
glass does not contain any free silica. Pow- 
dered glass has been shown to be inert for 
subcutaneous or ocular tissues. 

The increasing exploitation of glass wool 
and of glass fibers in industry and the simi- 
larity between glass spicules and asbestos 
fibers necessitate constant vigilance’ con- 
cerning the properties of these glass fibers. 
The description of the pulmonary lesions 
resulting from the introduction of glass wool 
into guinea pig lungs will serve to show 
that, though the silicon element in the glass 
is present as a silicate and thus does not 
provoke the characteristic nodular disease 
associated with quartz inhalation, glass fibers 
of the caliber and length used in this study, 
when effectively lodged within the lung tis- 
sue, are nevertheless capable of producing 
quite remarkable lesions. 


Recorded for publication July 11, 1955. 
Director, The Saranac Laboratory. 
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The observations flowing, respectively, 
from the intratracheal and the inhalation 
experiments described by Schepers and 
Delahant * will be presented separately. 
INTRATRACHEAL STUDY: 204-504 GLASS WOOL 

One month after the intratracheal intro- 
duction of glass-wool fibers, areas of lung 
tissue are demonstrable in which the alveoli 
contain numerous multinucleated giant cells 
in which glass fibers may be found. Some 
alveoli may contain several such giant cells, 
and in others the giant cells are so large 
as to fill the greater part of the alveoli. The 
smaller the fibers introduced, the larger are 
the associated giant cells. No free-lying 
glass fibers could be observed. The alveolar 
walls are infiltrated by macrophage cells 
and occasional polymorphonuclear leucocytes 
at numerous points. There is, however, no 
appreciable hyperemia, and only isolated 
glass fibers have penetrated into the alveolar 
walls, either separately or in a phagocytosed 
state. Many of the longer fibers appear also 
to have either extremity embedded in an 
adjacent alveolar wall (Fig. 14). 

At several sites these islands of phagocytic 
reaction involve the lung lymph nodes, which 
are considerably hypertrophied, with lym- 
phocytes overflowing into proximal alveolar 
walls (Fig. 1B). Glass fibers are not, how- 
ever, found in the parenchymal lymph nodes. 
The hilar lymph nodes show some endo- 
thelioid cell hyperplasia and prominent lymph 
follicles in which macrophages, with minute 
glass spicules, may be found. 

The lung fields intervening between these 
affected areas appear relatively normal, 
except for a measure of incipient atrophic 
emphysema. 

Around some of the smaller bronchioles 
the cellular infiltration may be quite abundant, 
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Fig. 1—Acute pulmonary tissue reaction to long-fiber glass wool—guinea pigs: intratracheal 
injection of 204-50# fibers: result after one month. 4, giant macrophage filled with glass 
spicules, some of which are seen to penetrate the alveolar walls and blood vessel walls. B, 
proliferation of lymph nodes and extension of the cellular reaction into adjacent alveolar walls. 
C, peribronchiolar cellular inflammatory reaction, with epithelialization of adjacent alveoli. D, 
wide zone of cellular infiltration around a bronchiole, which is distorted and linked to atrophic 
alveolar ducts; degenerative changes in adjacent vascular bundle. 
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and the lining epithelium shows considerable 
hyperplasia, with some superficial desquama- 
tion. Very occasionally, glass fibers may be 
seen adhering to the surfaces of the bron- 
chial epithelium, but there is no mucosal 
reaction to their presence. These affected 
bronchi and bronchioles occur in proximity 
to the islands of parenchymal reaction 
(Fig. 1C). 

At isolated sites there is a broad reactive 
cellular zone around the smaller bronchi, 
which completely obscures the pulmonary 
histioarchitectonics. The trapped bronchus 
may be distorted and distended (Fig. 1). 

The tracheal epithelium tends to be some- 
what hyperplastic and is covered by a thin 
layer of exudate which contains polymor- 
phonuclear leucocytes. 

Two months after the introduction of the 
glass-wool dust, much of the reaction seen 
within the first month has receded. There 
now are fewer parenchymal islets in which 
glass-filled macrophages occur within the 
alveoli. More frequently, these macrophages 
are to be seen diffusely scattered throughout 
the lung tissue. Isolated foci of intense, and 
even confluent, interstitial cellular infiltra- 
tion also occur. 

A new feature is the abundant presence 
of eosinophile cells within the alveolar walls, 
the peribronchial or perivascular tissues, 
and also sometimes within alveoli or bronchio- 
lar lumina. The bronchi and trachea show 
no material pathological deviations at this 
stage. 

The lymphatic reaction has become modi- 
fied, and the lymphocytes now occupy peri- 
vascular and pericapillary positions mainly. 
This change is fairly diffusely disseminated. 
The hilar lymph nodes show no further re- 
action. 

At the end of 12 months, a considerable 
amount of glass still persists within the 
lung tissue, and there are isolated islets 
of confluent cellular pneumonitis. More of 
these fibers are now to be found within the 
interstitial pulmonary tissue in areas where 
such proliferation persists and such fibers 
tend to be relatively long. Generally the short 
fibers are within macrophages with relatively 
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atrophic alveoli, and the larger fibers are to 
be found in the alveolar walls. The bron- 
chioles show some superficial epithelial des- 
quamation (Fig. 24). 

Occasional bronchioles may be trapped 
within hyperplastic areas and appear ste- 
nosed. These areas differ from those demon- 
strated after the first month in that there 
are many more fibrocytes than inflammatory 
cells and the tissue has a poorer blood supply 
(Fig. 2B). 

In the lymph nodes, the glass is now 
condensed into formless focal deposits, with 
no evidence of macrophages but with some 
cellular condensation around them (Fig. 2C ). 
The lymph nodes of the lung parenchyma are 
normal once more. 

At the end of 18 months, the interstitial 
parenchymal reaction may yet persist but is 
now minimal in degree. Glass fibers are now 
but scantily represented and occur mostly 
in the alveolar macrophages. Some glass 
rods may, however, be displayed within the 
interstitial tissues, and some are still seen 
to transfix alveolar walls. The main abnor- 
mality now concerns the bronchi and bron- 
chioles which tend to be regionally distended 
and display many crypts and papillae cov- 
ered by a thin lining of cuboidal or squamous 
cells. This bronchiectasia and bronchiolec- 
tasia had already commenced at 12 months, 
but the crypt and papillary formations are 
later trends. The condition is more marked 
with exposure to the shorter, narrower 
fibers (Fig. 2D). 

INHALATION EXPERIMENT: 6” AND LESS FIBERS 

The essential difference between the result 
of the introduction of glass wool by means 
of a single intratracheal injection and the 
slower inhalation of the fibrous particles 
under experimental conditions is quite strik- 
ing. 

There is no acute response of the bronchial 
mucosa to the inhaled glass-wool spicules 
which impinge upon its surface (Fig. 34). 
Very little reaction occurs before the fourth 
month, whereas in the intratracheal experi- 
ment the maximal effect is achieved within 
the first month. By the fourth month 
there are many macrophages in the alveoli. 
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Fig. 2—Chronic pulmonary reaction to long-fiber glass wool—guinea pigs: intratracheal 
injection of 204-50" fibers: result at 12 months. A, persistent dominantly cellular reaction 
around a distorted bronchiole ; numerous glass fibers discernible. B, diffuse peribronchial cellular 
reaction now largely fibrocytic in character. C, amorphous accumulation within a lymph node, 
with a reactive surrounding zone. D, distortion and incipient crypt formation in a bronchiole 
which is surrounded by a fibrotic process. 
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Fig. 3.—Early response to inhaled short-fiber glass wool—guinea pigs: inhalation study of 
less than 6 fibers. A, presence of glass-wool dust within a bronchus on the 18th day, showing 
absence of immediate reaction. 8, cellular infiltration of alveolar walls, with hyperplasia of 
parenchymal pulmonary lymph nodes (reaction at four months). C, epithelial hyperplasia and 
peribronchiolar fibrocellular reaction, bringing about progressive narrowing of the lumen 
(reaction at four months). D, epithelialization of the alveoli adjacent to a bronchus (reaction 
after a year). 
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These are separate cells, and there is very 
little of a tendency to giant-cell formation. 
Eosinophiles are fairly numerous now, 
whereas they appeared later only in the 
intratracheal experiment. Glass fibers, on 
the contrary, are very scarce, and because 
the inhaled substance fibers less 
than 6 only, they are limited to short 
spicules, all of which are intracellular. 


contains 


In the lung parenchyma, there are patches 
of almost solid cellular reaction around the 
lymph nodes whose proliferating cells over- 
flow into adjacent alveolar walls, while the 
presence of large numbers of macrophages 
within such alveoli contribute to the impres- 
sion of a diffuse pneumonitis (Fig. 3B). 
There is no hyperemia. The hilar lymph 
nodes show no particular reaction. 

In the bronchi, there is considerable epi- 
thelial hyperplasia and cellular desquama- 
tion, and a tendency to papilloma formation 
is present in the smaller bronchioles, with 
mucosal hypertrophy in the larger air pas- 
sages. There tends to be marked peribron- 
chial cellular infiltration at this stage, with 
the evolution of multiple bronchial glandular 
cysts and mucosal papillae. A tendency 
toward bronchiectasia and bronchiolectasia 
has commenced (Fig. 3C). 

By the end of nine months, glass fibers 
commence to make their appearance in clus- 
ters within alveoli as well as in the konio- 
phores. The bronchiolar crypts are more 
prevalent, and there is fairly considerable 
peribronchial and perivascular cellular in- 
filtration, with some collagen deposition. 

A year after the commencement of the 
glass-wool inhalation experiment, the guinea 
pig lungs show a bronchitis and bronchiec- 
tasia, with marked focal cellular pneumonitis. 

The bronchial (bronchiolar) disease con- 
sists of epithelial proliferation and distention 
of the lumina, with extension of the bronchio- 
lar epithelium over the walls of the proximal 
alveoli. This produces a very characteristic 
lesion, comprising a dilated bronchiole sur- 
rounded by a zone of epithelialized alveoli 
(Fig. 3D). A fibrocellular reaction about 
these bronchi may enclose such epithelialized 
alveoli, creating a spurious adenomatous 
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effect (Fig. 44). A considerable degree 
of bronchial epithelial hyperplasia has super- 
vened, and the lining shows marked rugosity 
and incipient metaplasia. There is no ulcera- 
tion or submucosal infiltration (Fig. 4B). 
The parenchymal islets of reaction are 
composed of thickened alveolar walls, with 
multinucleated giant cells and macrophages 
occupying the majority of such alveoli and 
containing Occasional 
eosinophile cells are to be seen, but there 


is no hyperemia or collagenosis (Fig. 4C). 


many glass fibers. 


In the vicinity of lymph nodes, there is 
considerable dissemination of lymphocytes 
into adjacent alveolar walls. Many blood 
vessels also are ensheathed in fairly thick col- 
lections of lymphocytes. Some such arteries 
The hilar 
lymph nodes are enlarged, owing mostly to 
medullary endothelial hyperplasia and in- 


show medial myohypertrophy. 


filtration by means of macrophages, many 
of which contain glass fibers. 

By the 18th month of glass-wool dusting, 
the pulmonary tissue pathology ceases to 
reveal any significantly new features. 

There still is intense alveolar wall thicken- 
ing due to macrophage and plasma cell in- 
vasion, and there is also almost universal 
minor capillary hyperemia, with conspicuous 
perivascular macrophage infiltration. In nu- 
merous areas there is merely abundant intra- 
alveolar macrophage formation and no alveo- 
lar wall reaction of any consequence (Fig. 
4D). 

The parenchymal lymphatic tissue still 
escapes, even when lymph nodes may be 
almost completely surrounded by an exten- 
sive accumulation of macrophages. The bron- 
chitis persists and comprises mainly epithelial 
hyperplasia, with increased goblet-cell activ- 
ity and cellular catarrh, and there is also con- 
siderable peribronchial cellular infiltration. 

Glass fibers are present everywhere. In 
stained sections they may be difficult to see, 
but scattered giant cells are to be found 
within alveoli. Dark-field examination of un- 
stained sections shows up the universal dis- 
tribution of the glass to good advantage. 
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Fig. 4.—Chronic reaction to inhaled short-fiber glass wool—guinea pigs: inhalation study 
of less than 6 fibers. A, peribronchial fibrocellular reaction which has surrounded epithelialized 
alveoli, thus producing a spurious adenomatous appearance (reaction at one year). B, hyperplasia 
of bronchial epithelium without inflammatory reaction in the mucosa (one-year result). C, focal 
parenchymal cellular reaction, with alveolar wall reaction and macrophage catarrh (one-year 
result). D, glass-fiber-filled macrophages, occupying alveoli whose walls show no significant 
reaction (result at 18 months). 
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COM MENT 


These intratracheal and inhalation studies 
with glass wool have confirmed fairly con- 
clusively that glass is not fibrogenic when 
retained in the lung tissue. At the same time 
the gravity of the type of bronchial lesion 
provoked necessitates caution in dismissing 
glass wool as innocuous. Indeed, it should 
be regarded as a potentially harmful sub- 
stance in circumstances leading to the inhala- 
tion of large quantities of the type of prod- 
uct studied in these experiments. Other 
modern types of glass wool or fiber glass 
may not have any comparable effects. 

In several respects, the pulmonary reac- 
tion to glass wool is similar to that produced 
by asbestos fibers, which the glass spicules 
resemble. However, despite the prominence 
of glass spicules in the lung tissue, no “glass- 
wool bodies” were observed which could be 
compared to “asbestos bodies.” It is there- 
fore not the shape alone of the asbestos fiber 
which leads to the 
bodies. 


formation of asbestos 

It is to be noted also that asbestos fibers 
are intensely fibrogenic, whereas the lung 
tissue reacts to the glass fibers by means of 
a cellular response chiefly. This contrast 
again emphasizes the fact that the physical 
resemblances between glass wool fibers and 


asbestos do not determine their respective 
pathogenic propensities. 


Obliterative damage te the bronchioles 
and the proliferative reaction of the bron- 
chiolar and bronchial epithelium are ob- 
viously the more important lesions caused 
by the glass wool. There is but a limited 
range of substances which can provoke epi- 
thelial hyperplasia in experimental animals,° 
and the specific effect of glass wool thus 
extends the list. The significance of this 


WOOL 


observation in relation to oncogenesis needs 
further clarification. 


SUMMARY AND CONCLUSIONS 


When introduced intratracheally, long- 
fiber, medium-caliber glass-wool dust pro- 
vokes early marked bronchiolar damage, 
which persists for more than a year without 


leading to well-defined fibrosis. 


Some of the glass wool is transferred 
to the hilar lymph nodes where it accumulates 
without inducing local fibrosis. 


Inhalation of short-fiber, medium-caliber 
glass wool produces a retarded pulmonary 
reaction, comprising partly an_ interstitial 
pneumonitis but dominantly an endobron- 
chiolar and peribronchiolar lesion. 


A tendency toward bronchial epithelial 
hyperplasia arises under the influence of pro- 
longed short-fiber, medium-caliber glass-wool 
inhalation. 
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Differential Susceptibility of fo be 


A Critical Review 


W. R. FRANKS, M.D., Toronto, Canada 


The use of animals for the bioassay of dust 
hazards offers certain difficulties which are 
peculiar to the pneumoconioses. It is well 
established that the hazard to man of any 
particular dust depends on a number of 
factors. These include the chemical and 
physical nature of the material, its concen- 
tration, and the length of time over which 
the exposure is spread; in the atomic age 
radioactivity has also become recognized. In 
addition, the incidence of acute and chronic 
infection superimposed upon primary lesions 
may alter significantly the actual hazard. 
Since any one of these factors may be de- 
finitive, it is obvious that the bioassay of the 
total hazard to man becomes more complex 
than the controllable assay of such materials 
as drugs or hormones, for which well-defined 
methods have been worked out.* It is not 
surprising, therefore, that the accurate de- 
termination of the even more complex inter- 
action of various modifying mechanisms, be 
they accentuating or antidotal, requires even 
more care. 

Despite these difficulties, it is obvious to 
anyone reviewing the literature within re- 
cent years that laboratory experimentation 
has greatly enhanced our knowledge of the 
subject. Any danger from the possible mis- 
interpretations of these findings from a prac- 
tical standpoint arises from the fact that, as 
we have seen, we are usually dealing with a 


Recorded for publication July 11, 1955. 

Banting and Best Department of Medical Re- 
search, University of Toronto. 

* References 1 and 2. 
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number of often unrelated factors, any one 
of which may vitally influence the dimensions 
of the hazard. These may likewise empha- 
size independently species-difference in sus- 
ceptibility. 

In addition to these etiological complex- 
ities, the clinical nature of the resulting mor- 
bid state may vary considerably, even with 
the same material. Thus we may adopt as 
criteria of disease such widely diverse effects 
as the following: loss of physiological func- 
tion of the lung resulting in limitation of 
ability to carry on work; intimate nature 
of the pathology produced, e. g., carnifica- 
tion, fibrosis, or necrosis; or susceptibility 
to intercurrent infection, with prejudiced 
outcome or, even more recently, the develop- 
ment of malignant new growth. All these 
clinical end-points have been used in_ the 
experimental assay of various dust hazards. 
It is, however, noteworthy that survival per 
se has seldom been adopted as a criterion. 

Apart from clinical experience, a gamut 
of species of experimental animals has been 
used. These range from cockroaches to 
human criminals (their use has been sug- 
gested). To make interpretation even more 
difficult, a further gamut of methods of test- 
ing has been employed. In addition to dust- 
ing, materials have been introduced into 
veins, trachea, lungs, peritoneum, eyes, 
testes, buccal pouches of hamsters, and sub- 
cutaneous tissues and given per os. Studies 
have also been conducted in vitro on tissue 
cultures. All these methods have yielded 
useful information toward solving the prac- 
tical problem. They can, however, provide 
conflicting information if due notice is not 
taken of the conditions governing the ex- 
periment. 
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It is obvious from a practical standpoint 
that the active moiety of any dust must be 
contained in that fraction which penetrates 
into and is retained in the lung of the worker. 
Considering first the physical attributes of 
the aerosol, such attributes as particle size, 
particle mass, and particle shape are in- 
volved. It is possible that electric charge, 
temperature, and color (photophoresis ) may 
play some role in dust retention, but these 
have been generally assumed to be negligible. 
Radioactivity in certain instances is of im- 
portance. 

The interrelation of size and specific grav- 
ity has been well considered recently by Wat- 
son.* The possible importance of particle 
shape is well illustrated by the extreme case 
of asbestosis. There can be little doubt that 
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the longest dimension of the asbestos fiber 
that is retained in the lung is several times 
greater than the similar dimension for more 
symmetrical dusts. 

Returning to the problem of animal ex- 
perimentation, we cannot help but be struck 
by the relatively good agreement that has 
been found in regard to the size distribution 
of dusts retained in the lungs of man as com- 
pared with the various experimental animals 
that have been studied, this despite the rather 
large ditference in gross anatomical dimen- 
sions among species. This agreement may 
be an expression of anatomical consistency 
in microscopic tissue design, since the lung 
alveoli perform essentially the same function 


in the various species. 
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Particle size of inspired dusts (microns) 


Alveolar 
Curve 
Curve 
Curve 4 (mouse) Shoshkes, 
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deposition of dust of various sizes—human data compared with animal data. 
1 (man) Brown, Cook, Ney, and Hatch, 1950° (china clay). 
2 (man) Wilson and La Mer, 19484 (Na?#Cl). 
Curve 3 (man) Eisenbud after Landahl, 19526 (triphenyl phosphate). 
4 3anfield, and Rosenbaum, 1950 1° (corn oil). 
5 (guinea pig) Palm, 19548 (various dusts to give range). 


Curve 6 (monkey) Palm, 19548 (various dusts to give range). 
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To illustrate this comparison, the findings 
of a number of investigators who have ex- 
amined the problem in man or in laboratory 
animals have been superimposed in the Fig- 
ure. The curve of the per cent human lung 
retention of particles plotted against their 
size was determined by Wilson and La Mer * 
by using Na**Cl mists dispersed in glycerin 
and estimating their expulsion by measuring 
the radiation. Brown, Cook, Ney, and 
Hatch * studied the retention of china clay 
in humans and measured particle retention 
by comparing the changes in dust concentra- 
tion in the alveolar air as identified by the 
COs concentration of various fractions of 
the expired air. The third human curve is 
based on that recalculated by Eisenbud ® 
from various data of Landahl and associates? 
using triphenylphosphate clouds and _ esti- 
mated similarly by measuring the concen- 
tration changes in alveolar air fractions. It 
will be noted that the latter data show 
considerable discrepancy below 2 in size as 
compared with the other observations (con- 
sult Landahl and associates * for discussion), 
although good agreement is found with the 
remainder of the curves. This discrepancy 


a 


is considered to be an artifact by Palm * on 
the grounds that the periods of observation 
in Landahl’s experiments were too short to 
allow equilibrium to be established. 

It will be noticed that these data agree 
essentially with the earlier findings 
Drinker, Thomson, and Finn,* who found a 


of 


total retention of approximately 55% of 
dusts varying in size from 0.15 to 6p, i. e., 
within the size range that is chiefly concerned 
in penetrating into the lung alveoli. 

The findings on human subjects are com- 
pared with those obtained in animals in the 
Figure. The latter include the data reported 
by Shoshkes, Banfield, and Rosenbaum *° 
using corn oil in mice, and by Palm® in 
guinea pigs and monkeys using china clay, 
carbon black, antimony trioxide, and dark 
clay of various sizes equated for difference 
in densities by conversion according to 
Stokes’ law. On the whole, the agreement 
between the alveolar deposition in the vari- 
ous species, including man, is striking. 
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this con- 
sistency of behavior are given by the findings 
of Barrett, Irwin, and Semmons ' with the 
use of cadmium oxide fumes of estimated 
mean particle diameter of O.4u. Using as 
criterion 


Further corroborative data of 


for cadmium 
retained in the lungs, these authors found 


the chemical assay 
that “the average percentage for retention 
over a wide range of dosages is remarkably 
constant for all species tested and amounts 
to about 11 per cent” as measured 24 hours 
after dust exposures which varied from 15 
to 30 minutes. The species studied included 
mice, rats, guinea pigs, rabbits, and monkeys. 

As pointed out by Palm,‘ this species con- 
sistency of retention is limited only to the 
fraction of the dust which is retained over 
a period of time. That deposited in nares and 
the upper respiratory tract does not show 
this degree of species agreement, but since 
the latter fractions are generally not retained, 
they are not therefore concerned with the 
development of the pneumoconioses. 

It is obvious, however, that only that frac- 
tion of the dust deposited in the alveoli 
which is retained in the lung over an appre- 
ciable period of time is capable of playing 
any significant role in the development of 
pneumoconiosis, with the possible exception 
of acutely toxic dust or of materials that are 
carcinogenic or radioactive. The information 
available on the score of eventual dust re- 
tention is less complete. Cember, Hatch, 
Watson, and Grucci '* have reported on the 
fate of particulate radioactive barium sulfate 
injected as a hydrosol intratracheally into 
rats. Each animal received 0.15 cc. of the 
mixture containing a total of 25.7y of BaSOy,. 
The curve of retention of the material with 
time showed an initial rapid disappearance 
which was complete within approximately 
six hours. This phenomenon was interpreted 
as being due to elimination by the ciliated 
epithelium. The rate of disappearance of the 
remainder which was considered to have 
penetrated to the lower respiratory tract 
equalled approximately one-fifth of the ma- 
terial per day corresponding to a_ half-life 
of 3.3 days. These authors remarked that the 
latter rate is more rapid than expected. Fur- 
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ther data have been supplied by Palm * who 
studied the clearance rate from the lungs of 
guinea pigs of inhaled antimony trichloride 
dust, s. g. 5.6, lp in diameter. The animals 
were exposed for 12 minutes to a concentra- 
tion of the order of 100 mg. per cubic meter. 
The guinea pigs were killed at various inter- 
vals up to 18 hours postdusting, and the dust 
retention was measured chemically. Palm's 
results agree with those of Cember and asso- 
ciates '* in that there is an initial rapid loss 
of material from actual “lung” samples which 
is more or less complete within six hours. 
This author likewise infers that this repre- 
sents the removal of material which had not 
penetrated beyond the area of ciliary action 
and makes the point that, to estimate the 
true alveolar deposition, a six-hour holding 
period should be allowed after the dust ex- 
posure. The disappearance of the antimony 
after 6 hours is likewise at a slower rate, and 
the point on Palm's curve for 18 hours agrees 
with the 11% retention figure 
found by Barrett and associates '' with the 
cadmium The the 
authors also included rats and rabbits. 


very well 
latter 
We 
may conclude, therefore, that the relative 
agreement of 


aerosols. data of 


eventual alveolar retention 
among various species may legitimately be 
extended to include these types as well. Rats, 
guinea pigs, and rabbits thus behave similarly 
on this score. 

On the whole, therefore, we may conclude 
that, as compared with man, the alveolar dust 
retention of various experimental animals 
shows a reasonably good agreement, at least 
to the first approximation. This would indi- 
cate that, from the standpoint of dust reten- 
tion, various animal dusting experiments 
might be expected to yield relatively reliable 
data in terms of the human equivalent. The 
variations among the various species studied 
and the human are not much greater than 
that reported, for example, by Landahl and 
associates * for various humans under vari- 
ous breathing patterns. 


It thus becomes evident that the human 
experience with natural dust with particles 
greater than 10u in diameter, such as in the 
Sahara,'* which fal to produce a_well- 
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marked silicotic lesion, might have been fore- 
told. These negative results confirm the 
validity of translating animal test assays into 
human terms in regard to a given dust when 
lung penetration may be the single limiting 
factor. 

From the foregoing it is possible to make 
a rough calculation of the actual amount of 
dust retained by the lungs of an animal 
when exposed to a given dust. For example, 
using First and Drinker’s figures '* for dusty 
mine air of approximately 100 mg. per cubic 
meter (3 mg. per cubic foot), equivalent to 
something of the order of 5,000,000,000 
particles less than 5 in diameter per cubic 
meter, it can be calculated that a 250 gm. 
rat that breathes approximately 50 liters of 
such an atmosphere in an eight-hour day 
would inhale about 5 mg. of dust. Of this 
size range, as we have seen in the Figure, 
something of the order of 30% would be 
retained in the alveoli. A rat would thus be 
required to handle approximately 1.5 mg. of 
material within the space of a normal eight- 
hour day’s exposure. This dose rate, al- 
though approximate, serves to orientate our 
thinking when it comes to the experimental 
study of the biological hazard of any partic- 
ular dust. 

In the bioassay of a human dust hazard by 
means of animal tests, the physical limits of 
the mechanical methods of lung clearance, 
be they by ciliary action, by exudate, by 
lymphatics, or by phagocytosis, must be con- 
sidered. The available data leave much to be 
All the 
tests carried out for relatively short periods 


desired. above references include 
of time. Undoubtedly, if an occupational dust 
hazard exists, the duration of exposure is 
one of the dimensions of the trauma. Little 
real evidence of the relative behavior of man 
and various test animals is available. 

There is, however, abundant information 
on the size distribution of particles found in 
the silicotic lung, which has been culled from 
human postmortem examinations. All this 
information agrees remarkably well with the 
findings on animals in the relatively acute 
experiments summarized in the Figure. 
Nevertheless, it must not be forgotten that 


291 


x 
= 
3 
Er 


the actual dust exposure is measured by the 
balance of dust deposition vs. dust removal 
in the lung over a period of time. When we 
realize that Cember and associates ** only 
followed a single injection of 28y of material 
in the rat lungs and that Palm’s exposure * 
only lasted for approximately 12 minutes, 
involving the probable deposit of a similar 
amount of material (30y), the need for cau- 
tion in applying these results to the long- 
term problem becomes evident. These re- 
marks likewise apply to experimental studies 
where amounts of material of a converse 
order of magnitude have been employed, 
e.g., 1000 times or more."® 

An important further parallelism between 
experimental animal and human behavior in 
respect to dust retention is to be seen in 
the fact that the lung in neither case ever 
comes into equilibrium with the dustiness 
of the environment during a normal life span. 
This is well shown in the case of humans 
by the findings of Belt and associates *® who 
showed that the amount of residual ash re- 
covered from human lungs increased con- 
tinually with age. Experimentally in animals 
it has been a universal finding that the 
amount of dust retained in the lung in- 
creased progressively with duration of ex- 
posure, even in experiments where the dust 
concentration must be regarded as excessive 
by any standard. The eventual limit of lung 
capacity to retain dust has yet to be discov- 
ered. 

When the chemical activities of various 
dusts are considered, the dose response of 
various animal species, as is well known, 
may differ widely from that for man. Tel- 
eky * has been prompted to conclude that 
the value of animal experiments has been 
overestimated in determining the human 
hazard and points out that indiscriminate 
deduction from animal experiments can be 
misleading, citing differences in lead sus- 
ceptibility among species as an example. 
There can be no question but that this criti- 
cism is warranted, unless due caution is 
exercised. For example, Barrett and asso- 
ciates '! found that cadmium dust retention 
by various species agreed remarkably well 
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with each other; yet when it came to meas- 
uring the actual toxicity of the material 
retained, the L. D.59 varied from 500 min- 
utes per milligram per cubic meter exposure 
for rats to 30 times that figure for monkeys, 
with other species ranged between these 
extremes. Only mice and rats showed 
evidence of an agreement within 100% of 
D.50 dose. 

The difference of the effect of inhaling 
various chemical dusts as among species 
usually depends on differences in systemic 
susceptibility to the poison rather than on 
differences in the local lesion. In order that 
any great confidence may be placed on re- 
sults with animals, preferably at least two 
criteria should be met, namely, first, the 
pathological and physiological nature of the 
resulting experimental lesions should closely 
resemble that found in man and, second, 
there should be a demonstration that the 
lesion produced is predominantly local in 
character and not due to the systemic ab- 
sorption of a poison. 

It is obvious that uncomplicated silicosis 
is an example of a human disease that largely 
fulfills these criteria. The experimental le- 
sion produced resembles closely that found 
clinically. The course of the disease in dif- 
ferent experimental animals is comparable 
within close limits, and the disease is largely 
limited to the local lesion. 

There remain, however, the possible dif- 
ferences in the influence of the time factor, 
as I have pointed out. We have generally 
assumed that the rate of production of a 
silicotic lesion in the smaller animals is more 
rapid than in man and is possibly somewhat 
akin to their relative metabolic rate. Well- 
paired quantitative data on this score are 
lacking. The relative metabolic rate of rats, 
guinea pigs, rabbits, and man is in the pro- 
portion 90 to 80 to 45 to 25 Cal. per kilo- 
gram per 24 hours, respectively. It thus will 
be seen that the rat metabolism is approxi- 
mately twice that of a rabbit and three and 
one-half times that of man. If the rate of 
development of the silicotic lesion were 
directly proportional to the metabolic rate, 
there would be an obvious advantage in 
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using the smallest animal that will give a 
characteristic response, i. e., the rat or the 
mouse. However, it has begun to be recog- 
nized that this relation may not hold, in 
view of the accumulated reports of acute 
silicosis developing in man under conditions 
of extreme dust exposure and the realiza- 
tion that in most experimental situations the 
animal exposure has been of an order far 
beyond that occurring in industry, both in 
respect to time relative to life span and to 
atmospheric concentration. The intratracheal 
insufflation within the space of a few min- 
utes of even 50 mg. of silica dust into a 
250 gm. rat constitutes a trauma equivalent 
to approximately one month's exposure of 
eight hours daily to a dust equivalent to 
5,000,000,000 particles per cubic meter. Yet 
this accentuated dose rate even in a rat re- 
quires approximately five months to pro- 
duce a well-defined silicotic granuloma."* 
When we consider the dimensions of this 
degree of insult both in concentration and 
in respect to amount and time, these rates 
of development of the silicotic lesion are 
not so far out of line with reports of acute 
silicosis that has developed in man under 
conditions that approach these in severity. 
There can be no doubt but that the acute 
experiments in animals have provided use- 
ful information, particularly when compar- 
able materials are being compared, but such 
results must be regarded as qualitative when 
applied to the actual industrial problem. 
Actually little work has been done on animals 
with exposure to dust concentration which 
parallels the majority of human exposures 
today and which shows clinical signs of 
producing silicosis. In fact, King and asso- 
ciates '* have shown that with the insuffla- 
tion technique little frank silicosis can be 
produced in the rat within the normal life 
span of this animal with doses of silica dust 
such as are liable to be inhaled by even the 
dustiest trades in the light of modern ven- 
tilation procedures. Are we to conclude, 
therefore, that these measures have removed 
entirely the hazard to man? The answer 
from the animal experiments, unfortunately, 
is not unequivocal, because the time factor 


in the experimental assays differs widely, 
and their relative significance among species 
cannot be stated with certainty. 

It would appear, however, that by the use 
of suitable animals a_ reasonably reliable 
measure of the dust fraction actually de- 
posited in the lungs of workmen could be 
inferred from animal exposure to the actual 
dust conditions. 

If it can be established that the role of 
development of the silicotic granuloma as 
among species is not proportionate to their 
respective metabolic rate, then indirect evi- 
dence will have heen produced that the 
mechanism of the silicotic lesion is probably 
through an extracellular reaction or at least 
one in which some other factor than the re- 
action between the silica and the rate of 
production of any metabolite is concerned. 

In the development of the simple silicotic 
lesion, the phagocyte and the fibroblast prob- 
ably are the chief cellular structures con- 
cerned. In this respect it is noteworthy that 
the physical dimensions of these cells as 
among species show relatively little varia- 
tion. The rat monocyte and the human 
analogue are essentially the same size. If 
these similar cellular elements remain dimen- 
sionally constant, it is not surprising that 
such factors as particle size appear to play 
a similar role in various animal experiments 
and in man. The size of dust particles which 
are found to be active in a rat 7 is similar 
to that found clinically at postmortem exam- 
ination in man. An unfortunate circumstance, 
which undoubtedly plays a role in the de- 
velopment of many of the pneumoconioses, 
is that the particle size which penetrates to 
the vulnerable nonciliated alveolus is likewise 
of a size which is “biologically” active in re- 
lation to the phagocyte and other host cells. 

Reverting again to silicosis, it can be said 
with considerable assurance that, if there 
are differences among species in respect to 
their tolerance of any chemical activity of 
silicotic dusts, then these differences are 
probably small. 


+ References 18 and 19. 
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There is some qualitative evidence of 
species difference as shown by differences 
in production of asbestosis bodies experi- 
mentally. Thus in the classical experiments 
of Gardner,*’ it was found that the formation 
of asbestos bodies encountered in the lung 
of guinea pigs in every way resembles the 
golden-yellow beaded or haustral rods pic- 
tured in human cases. In the rabbit, how- 
ever, no typical bodies were found, and in 
the rat this occurrence was extremely rare. 
Since there is good evidence that the develop- 
ment of these bodies depends on a charac- 
teristic milieu, these differences may be taken 
as a qualitative measure of difference among 
species. This phenomenon is quite possibly 
related to the degree of hydration or reaction 
between the host tissues and the dust. Gard- 
ner considered that this lack of reaction in 
the rabbit at least a 
delay in the production of fibrosis from the 


was associated with 
dust, as compared with the guinea pig. 
When the role of superimposed infection 
is considered, the difference among species 
evident and 
makes difficult the accurate laboratory assess- 


susceptibility again becomes 
ment of a clinical dust hazard. However, as 
the classical experiments of Gardner with 
the tubercle bacillus superimposed on. sili- 
cosis have shown, the effect of the latter may 
in many respects reduce the species variation 
in regard to the former. 

Similar remarks might be made concerning 
other pathological complications, such as the 
development of lung Species 
differences in the ease with which this dis- 
vase can be induced experimentally are well 
known. It is now evident that real differ- 
ences can exist even with different genetic 
strains within a given species. 


carcinoma. 


In the bioassay of any response, it is axio- 
matic that more information is to be gained 
if the results can be measured quantitatively. 
The mere recording of the presence or ab- 
sence of silicotic nodules following a given 
dust exposure does not yield as much in- 
formation either in regard to the nature 
of the development of the process or of the 
eventual dimension of the hazard as can 
be gained from criteria in which an accurate 
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degree of response can be measured. At- 
tempts to estimate the degree of change 
microscopically have been carried out in a 
number of laboratories, but all are subject 
to the judgment of the observer. The grading 
of the experimental silicotic lesion on a 1 
to 5 basis of the Hammersmith school wel! 
illustrates this point.'* Undoubtedly this 
procedure is useful in judging results, but 
no one suggests that the development of the 
pathological process proceeds in a stepwise 
manner, 

One cannot help but be impressed, there- 
fore, with the usefulness of the recent de- 
velopment of a method by Aterman*! of 
estimating by quantitative chemical means 
the amount of collagen deposited in a given 
tissue. The application of this procedure to 
the study of the pneumoconiosis which is 
characterized by collagenous deposits, either 
within the lymph nodes, in the parenchyma, 
or even in the vascular tree, should provide 
a new dimension to the study of these dis- 
eases, as Stacy and King ** have been quick 
to recognize. The method apparently is capa- 
ble of providing useful information even in 
retrospect, since it may be applied to tissue 
samples after fixation. Similar methods to 
measure other parameters of the pathological 
response to dust exposure would be welcome. 

As might have been expected, the influence 
of dust-exposure load rates on the develop- 
ment of pathological lesions in the lung be- 
comes increasingly evident when the role 
of antagonistic substances is being studied. 
In such circumstances relative rates. can 
become definitive. Thus in the experience 
of King '* it was found that the influence 
of powdered aluminum in preventing the 


development of the silicotic lesions was not 
so apparent following a single intratracheal 
injection in rats as compared with the find- 
ings of Denny and associates ** using dust- 
ing. The further finding that aluminum oxide 
is active under the former conditions of ex- 
perimentation accentuates the point.'* Ani- 
mals which receive at one instance a dose 
of dust similar to what would normally be 
spread over a period of weeks, even in a 
very dusty atmosphere, are presented with 
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a challenge which may differ significantly 
when measured in relation to an antidotal 
process which may in turn have the limiting 
factors of relative solubility, molecular dif- 
fusion, adsorption, or even chemical inter- 
action. The conclusion to be drawn from such 
experiments must of necessity be limited to 
the condition of the experiment and _illus- 
trates the fact that, when living processes 
are being studied, the one relative to the 


other, dose rates may be critical. In the last 
analysis, the process of dust inhalation and 
retention would appear to be one of the 


essential dimensions of a pneumoconiosis 


hazard. 
CONCLUSIONS 


1. Available data would indicate that there 


is a reasonable agreement among various 
animal and human species in regard to the 
dust retained in the lung. The use of experi- 
mental animals in the bioassay of dust haz- 
ards would therefore appear to be valid in 
this respect. 

2. Due to large species variation, however, 
in regard both to the toxicity of various 
substances and to the relative susceptibility 
to concomitant infection, animal bioassay of 
industrial hazards has to be interpreted with 


caution, 


3. Neither in man nor in experimental 
animals does the ling come into equilibrium 
with the dustiness of the environment, The 
continuous accumulation of foreign materials 
in the lung would appear to have increas- 
ing importance with the increasing life span. 
A given dust hazard must thus be judged 
in relation to the survival time relative to 
the exposure. Directly or indirectly it can 
be anticipated that the pneumoconioses will 
he of increasing interest to the gerontologists. 

4. Newer chemical methods yielding a 
quantitative measure of tissue response offer 
effective measures to improve the bioassay 
of dust hazards, both clinically and experi- 
mentally. 


5. Where relative rates of such factors 
as solubility, diffusion, or adsorption play 


a role in antidotal activity, the apparent bio- 


oT 


logical efficacy of such substances depends 
on dose rate. 
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An Experimental Study of the 
of on olungs 


G. W. H. SCHEPERS, M.D., D.Sc. 
ANTHONY B. DELAHANT 

and 

ANDREW J. REDLIN, Saranac Lake, N. Y. 


the last few 


Gardner, then 


During 


be: Lk. 


years of his life 
Director of The 


Saranac Laboratory, became tremendously 


interested in the problem of radiological 
changes which were discovered in workmen 
from Fostoria, Ohio, who were exposed to 
dusts containing rare earth oxides and fluo- 
rides. Dr. Gardner’s observations led him 
to the conclusion that many of these shad- 
ows could be caused by the high atomic 
densities of the components of such rare 
earths.* To elucidate both this postulate 
and the possible biological action of the rare 
earths, Gardner conducted series of 
experiments in which he sought to contrast 


the action of the following blends: 


Blend 1 Per Cent 


Carbon 

Graphite 

Rare earth oxides 

Potassium sulfate ..... 

Recorded for publication July 11, 1955. 

(Dr. Schepers), Research Associate 
(Mr. Delahant), and Chemist (Mr. Redlin), The 
Saranac Laboratory. 


Director 


* The compounds commonly included under the 
grouping of “rare earths” include the 
lanthanum, praseodymium, 


elements 


cerium, neodymium, 


samarium, europium, gadolinium, terbium, dys- 


prosium, holmium, erbium, 


ytterbium, and lutecium. 


germanium, thulium, 


The studies with these substances included 
intratracheal and intraperitoneal injection 
experiments with both blends, which were 
1943. An inhalation 
experiment and a study of the tuberculogenic 


commenced during 
propensities of the latter mixture were begun 
during 1945. 
could be brought to a conelusion, Dr. Gard- 
ner died. Two of us (A. B. D. and A. J. R.) 
who had assisted with the project had _ the 


Before these investigations 


responsibility of completing the study. In 
the present account the results of the intra- 
tracheal injections and the inhalation study 
are reported for the first time. 


METHODS 


For the intratracheal technique, the individual 
ingredients were prepared separately by grinding 
in a porcelain ball mill for as long as was neces- 
sary to obtain the desired sizes, 34 and under. They 
were then mixed in the foregoing proportions and 
adjusted to a 10% suspension in isotonic saline. 
The suspension was then arnoldized at 100 C for 
one hour. A administered 
intratracheally to two groups of nine guinea pigs 


dose of 100 mg. was 
in two equal amounts at seven-day intervals. 
For the inhalation study, 75 guinea pigs were 
exposed to an aerosol of Blend 2 in a room measur- 
ing approximately & by 8 by 8 ft. The exposure 
period was for eight hours daily, five and one- 
half days per week for three years. Dust dispersion 
was hopper method. Dust 
concentrations were very high in the early weeks of 
the exposure but leveled off thereafter, to the 
order of 200,000,000 to 300,000,000 particles per 
cubic light-field 
calculated particle size was l# to 2m, 


accomplished by the 


foot of air, as determined by 


count. The 


RESULTS 


For easy reference the results obtained 


have been assembled in Tables 1 to 4. Com- 


ments in this paper will be limited to the 
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TABLE 1.—Pulmonary Effects of Rare Earth Oxides 
Intratracheal Method 


Guinea Days Died 
Pigs, After or Gross 
No. Injection Killed Pulmonary Reaction 
8* 10 Dp Congested with a single 
large conglomerate 
and smaller lesions 
ad 10 Dp Congested with a single 
large conglomerate 
lesion 
bg ll Dp Congested with areas of 
consolidation and a 
single conglomerate 
lesion 
7 38 K One large black con- 
glomerate lesion 
9 128 K Two conglomerate le- 
sions with diffuse 
black pigmentation 
24 255 Dt Soft black conglomerate 
lesion 
25 272 Dt Soft black subpleural 
pigmentation 
10 372 K Large conglomerate 
lesion with mediastinal 
rupture 
23 540 kK One large black soft con- 


glomerate lesion with 
overlying pleural ad- 
hesion 


* Died after second injection. 
Dp—Died of pneumonia. 
Dt—Died of typhoid. 
K—killed. 


gross pulmonary features which were re- 
corded at the time of autopsy. The analysis 
of microscopic features will be presented 
elsewhere. 

Reference to Tables 1 and 2 indicates that 
three of the guinea pigs died of pneumonia 
shortly after receiving the first mixture, in 
which there was a relatively high proportion 
of rare earth oxides, while four died simi- 
larly though after a slightly greater interval 
in the case of the mixture with the high 
rare earth fluoride content. It seems likely 
that these pneumonic casualties may have 
been at least partly ascribable to the chemi- 
cal substances introduced. 

The remaining animals survived the initial 
presumed trauma associated with the intro- 
duction of the foreign matter. Two of the 
animals from the first group and one from 
the second experiment died subsequently 
from rodent typhoid which decimated the ani- 
mal population of The Saranac Laboratory 


+ References 1 and 2. 
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at the beginning of the winter of 1944-45. 
It is a significant fact, though, that animals 
survived to the end of the experiment, i. e., 
540 days after the first injection. 
Macroscopic inspection of the lungs re- 
vealed the presence of large, black, soft to 
slightly firm conglomerate lesions. These 
masses, which were commonest in the caudal 
lobe, were usually well circumscribed. In 
addition, an occasional animal exhibited small 
discrete foci of black dust pigmentation be- 
neath the visceral pleura. Few differences 
in the character of the lesions were seen 
grossly in any of the animals in either group 
over the entire 540-day period. Nor were 
there any metastatic foci of reaction in any 
other organ, though some of the dust had 
become deposited in the mediastinal tissues 
and pleural space in isolated instances in a 
manner suggesting minor pleural ruptures 
at the time of the intratracheal injection. 
In the case of the inhalation experiment, 
the casualty rate was comparatively high. 


Taste 2.—Pulmonary Effects of Rare Earth 
Fluorides 
Intratracheal Method 
Guinea Days Died 

Pigs, After or Gross 

No. Injection Killed Pulmonary Reaction 

7" 12 Dp Congestion and consoli- 
dation with one large 
conglomerate lesion 

15* 15 Dp Consolidation with a 
single black conglom- 
erate lesion 

16* 29 Dp Consolidation with large 
conglomerate firm 
lesions 

13* 39 Dp Large black conglomer- 
ate lesions 

u4 128 K One large conglomerate 
lesion and several 
small foci of pigmen- 
tation 

6 275 Dt Very firm tough conglom- 
erate lesions 

18 372 iN Atelectasis and pigmen- 
tation of left eaudal 
lobe 

27 540 K Large black soft conglom- 
erate lesions 

28 40 K Large black soft conglom- 


erate lesions 


* Died after second injection. 
Dp—Died of pneumonia. 
Dt—Died of typhoid. 
K—killed. 
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EFFECTS OF RARE EARTHS ON ANIMAL LUNGS 


Taste 3.—Pulmonary Effects of Rare Earth 
Fluorides 
Inhalation Method: Animals Died Spontaneously 


Guinea Cause 
Pigs, Survival, of Gross 
No. Wk. Death Pulmonary Reaction 
7, 21, 39 3 Pneumonia Early diffuse gray pig- 
mentation 
61 21 Pneumonia Black diffuse pigmenta- 
tion 
65 32 Pneumonia Heavy diffuse black pig- 
mentation 
9, 44, 51, Seurvy Geometric pattern of 
52, 64, 67, heavy black pigmenta- 
68, 71 tion 
33, 72 66 Pneumonia Diffuse black pigmenta- 
tion with focal consoli- 
dation 
59 7s Pneumonia Congestion and heavy 
black geometric pattern 
3, 11, 47 838 Pneumonia Voluminous lungs with 
marked pigmentation 
and seattered black foei 
5,6 110 Pneumonia Marked pigmentation 
with geometric pattern 
13, 14, 70 118 Pneumonia Heavy diffuse black pig- 
mentation with conges- 
tion 
75 130 Pneumonia Diffuse black pigmenta- 


tion with discrete foci 
and congestion 


Thus, during this lengthy exposure, 25 
guinea pigs died of intercurrent causes. The 
remaining 50 animals were killed in groups 
of three, every two months, for the first two 
years and at more widely separated intervals 
during the last year, i. e., at three-month and, 
finally, six-month intervals. 

In the majority of instances the deaths 
appeared to be due to pneumonia (Table 3), 
but an episode of apparent scorbutic fa- 
talities appeared toward the end of the first 
year. Grouped in half-yearly casualty rates, 
a histogram with the following percentage 
peaks seems to emerge from this study. 
> 2 
12 18 24 30 
This suggests a slight crescendo terminal 
mortality trend. There may be no patho- 
logical significance to this phenomenon, as 
it must be recalled that after three years in 


Deaths 5 
Months 6 


a dust chamber the effect of normal aging 
processes would begin to influence the rate 
of death in such a group. Indeed, this rec- 
ord would indicate perhaps the opposite phe- 


nomenon, 1. e., that for an inhalation study 
of such extreme duration the survival rate 
of the guinea pigs was relatively high. 

The gross observations (Table 4) re- 
vealed an ever-increasing pleural pigmenta- 
tion. Pale gray diffuse pigmentation was 
already present in the anterior portions of 
the lungs at two months. During the suc- 
ceeding two years the gray shade gradually 
deepened to black and slowly spread to the 
lateral and posterior pleural surfaces. Fi- 
nally the anterior aspects exhibited a black 
geometric pattern or heavy diffuse black 
dust pigmentation, with a diffuse dark gray 
dust pigmentation of slightly lower intensity 
in other portions of the lungs. No lesions 
of comparable kind occurred in any other 
organ. 

The chemical analysis of the lungs at the 
same killing periods is also of interest (lig. ). 
Determinations of the ash derived from the 
desiccated lung tissue and of the silica and 
rare earth content of the ash, expressed as 
percentages, are plotted against the duration 
of exposure. It may be noted that there was 
no increase of silica content of the lung ash 
over a period of three years, as could be 
expected, as there was no extraneous source 
of silica in the dust chamber to which the 
animals were confined. No significant in- 
crement in the lung ash could be observed 


TaBLeE 4.—Pulmonary Effects of Rare Earth 
Fluorides 
Inhalation Experiment: Animals Killed for Histo- 
logical and Chemical Study 


Guinea Sampling 
Pigs, Time 
No. Wk. 


Gross Pulmonary Reaction 


Light gray diffuse pigmentation, 
heavier anteriorly 


17 7 Dark gray diffuse pigmentation an- 


35 { teriorly, light gray elsewhere 
a | Heavy black diffuse pigmentation 
60 L anteriorly, dark gray elsewhere; 
69 f small focal accumulations of black 
72 | pigment 
87 ) 
4 Universal heavy diffuse gray pigmen- 
104 tation with superimposed geometric 
117 f pattern anteriorly: occasional dis- 
63, 66, 69, 130 crete black foeal accumulations 
73, 74 156 
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| 
DURATION OF EXPOSURE IN MONTHS 


Graph showing the progressive retention of inhaled rare earth compounds in guinea pig lungs 


over a period of three years. 


which could not be accounted for by age 
changes. There was, however, a progressive 
accumulation of rare earth compounds in the 
lung tissue, which matched the progressive 
pigmentation of these organs. 


CONCLUSION 


The precise nature of the pulmonary tissue 
response to the rare earth dusts, introduced 
into this series of 93 guinea pigs&®ecomes 
apparent only when the histological fea- 
tures are analyzed.t The gross observations 
indicate, however, that these two blends of 
rare earths with carbon and potassium sul- 
fate act as relatively inert substances. The 
progressive accumulation of the earths could 
have been suggested from the steady increase 
in pigment in the lungs but was finally con- 
firmed by chemical analysis. That the pres- 
ence of this foreign matter, with its high 
atomic density, would cast radiographic 
shadows was adequately confirmed by other 
experiments to be reported on a subsequent 
occasion. 


t References 1 and 2. 
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SUMMARY 


Two blends of rare earths in which the 
oxide and fluoride ratios were reversed were 
introduced into guinea pigs by intratracheal 
injection. 

An inhalation study with the mixture hav- 
ing a high rare earth fluoride content is also 
described. 

The earths are progressively retained in 
the lung tissues. 

Apart from evident deposition of the 
earths in the lung tissue, no gross patho- 
logical changes could be observed in the 
experimental animals indicating any form 
of pneumoconiotic fibrosis. 
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|. The Experimental Pulmonary Histopathology Produced by a Blend Having 


a Relatively High Oxide Content 


G. W. H. SCHEPERS, M.D., D.Sc., Saranac Lake, N. Y. 


The rationale and method of this experi- 
ment have already been clarified.' Despite 
some initial losses of animals from presum- 
ably chemically induced pneumonia and later 
fatalities from intercurrent causes, a suth- 
ciently representative series of guinea pigs 
survived to render possible a_ histological 
explanation for the pigmented areas found 
in the lungs. The effects of the rare earth 
blend which had the high oxide content can 
he more properly evaluated also by contrast- 
ing the microscopic appearances with those 
found in the experiment with the high fluo- 
ride blend.* 


PULMONARY HISTOPATHOLOGY 


Within a month from the time of the sec- 
ond injection of this dust, a distinctive histo- 
logical pattern of lesions was found in those 
animals that survived the immediate toxic 
effects. 

There occurred, first, a tendency to focal 
aggregation of the pigment particles within 
atrophic alveoli surrounding or adjacent to 
For the 
greater part such pigment was intracellular, 


terminal bronchi and bronchioles. 


being contained within large giant cells. 
Some of the particles also occurred within 
the alveolar walls (Fig. 14). 

The corresponding bronchi or bronchioles 
showed fairly extensive epithelial swelling, 
ulceration, and desquamation, the majority 
of the lumina being filled with cellular debris. 


Recorded for publication July 11, 1955. 
Director, The Saranac Laboratory. 


\round the air passages there were variable 
degrees of cellular infiltration (Fig. 1B). 

The alveolar walls appeared prominently 
thickened, owing to remarkable distention 
and engorgement of the capillaries. There 
was, however, no tendency to intra-alveolar 
exudation or erythrocyte leakage. 

Among these distended capillaries there 
were numerous swollen septal cells and a 
fair number of eosinophiles. These were of 
two types, viz., mononuclear and polymor- 
phonuclear. None of the latter were present 
in the alveolar spaces. The macrophages 
showed instead a marked tendency to acido- 
philic staining of their cytoplasm, and they 
were inclined to be applied to the walls of 
the alveoli, and some could be seen to have 
penetrated into these walls. The mononuclear 
acidophiles, therefore, clearly represented 
these macrophages after they had found their 
way into the interstices between septal cells 
and capillaries of the alveolar walls. 

A year after the introduction of the dust, 
some of the initial tissue responses had been 
completely reversed. The capillary engorge- 
ment, for instance, had given place to an 
ischemic state. Cells were now relatively 
inconspicuous within the 
except where the alveoli abut onto one an- 
other. 


alveolar walls 
Here macrophages, polymorphonu- 
clear eosinophiles, and fibrocytes were con- 
gregated. Collagen was found to be sparsely 
laid down within the alveolar walls, and some 
of the latter tended to be ruptured. 

Some of the peribronchial and subpleural 
For 
the most part they had disappeared, but when 


macrophage accumulations persisted. 


present the macrophages were still markedly 
301 


| 
Me: 
. 
= 
; 
\ 


Fig. 1.—Action of rare earth oxides on the guinea pig lung—intratracheal injection: one 
month, A, focus of intra-alveolar accumulation of pigment; most of the dust has been engulfed 
by macrophages, and some is being transported to perivascular lymphatics. B, area of peri- 
bronchiolar pneumonitis, with foci of cellular proliferation; bronchiolar epithelial catarrh and 
swelling of alveolar walls are present. 


Fig. 2.—Focal deposition of rare earths—result after one year. A, massive parabronchial 
pigmentation, with minimal cicatrization. B, minor parabronchiolar earth deposit, a fair amount 


of which is contained within macrophages. 
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eosinophilic and tended to form giant cells 
through confluence. In relation to the sites 
of dust deposition, no significant cellular 
reaction could be found. Most of these de- 
posits were parabronchial, and in some 
instances the corresponding bronchus was 
surrounded by scar tissue (Fig. 24 and B). 
The parenchymal lymph nodes showed 
some central endothelial cell proliferation, 
with perilymphatic fibrosis. The hilar lymph 
nodes displayed considerable medullary and 
follicular endothelial cell hyperplasia, pig- 
ment and 


irregular fibrosis, 


marked eosinophilia. 


deposition, 


The main histopathological trend beyond 
the first year devolved on progressive hyper- 
plasia or cellular infiltration of the parenchy- 
mal lympi nodes and hilar nodes. At the 
end of 540 days these structures had acquired 
an almost granulomatous character 
3A). 


( Fig. 
The lymphocytes had been progres- 
sively displaced or even replaced by large 


Fig. 3.- 


Delayed reaction to intratracheally introduced rare earths 


OXIDES 


endothelioid cells, fibrocytes, and occasional 
pigmented cells. Collagen was found to have 
been laid down in sparse irregular bundles, 
but the nodes were fairly well vascularized 
and remained well demarcated from the sur- 
rounding lung tissue. Not only did the main 
lymph nodes of the parenchyma show this 
incipient granulomatosis, but comparable 
changes occurred at a multiplicity of pulmo- 
nary sites, generally parabronchial or para- 
vascular in distribution. The hilar lymph 
nodes likewise showed marked medullary 
infiltration of 
of partially pigmented, faintly acidophilic 


by means solid phalanxes 
macrophages. The amount of pigment now 
present in the nodes was quite considerable, 
but there was no significant accumulation 
here of fibrocytes nor was there any depo- 
sition of collagen (Fig. 3B). 


COMMENT 
Several issues of significance are raised by 
the results derived from this analysis. Points 


result at 570 days. 4, 


dominantly cellular paravascular pulmonary granuloma without conspicuous pigment content. 
B, hilar lymph node showing focal aggregation of the rare earth dust without associated reaction 


to its presence. 


A B a 
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of possible industrial medical significance 
concern the conspicuous absence of fibrosis 
of any material degree and the focal aggre- 
gation of pigment in atelectatic alveoli. 
The lack of fibrous reaction immediately 
more to the funda- 
between the malignant 
effects of quartz dust at one end of the scale 


directs attention once 
mental contrast 
and the benignity of other dusts. There is a 
growing body of medical opinion which re- 
gards all dust as harmful, and few authorities 
will be found who would be prepared to 
deny this axiom provided that no limit is set 
for the range of dust levels 
applies. But, dose for dose, it is clear that 


to which it 


dusts vary markedly in respect of their fibro- 
earth blend 
review must be classified as inert except for 


genicity, and the rare under 
its capacity to provoke some chemical pneu- 
monitis. There was too little potassium sul- 
fate in this blend (3%) to have played a 
significant role as an inhibitor of fibrosis but 
the carbon (31%) may have reduced any 
intrinsic pathogenicity which the earths may 
possess. It is in theory possible also that the 
ratio of rare earth fluorides to oxides would 
nullify any sclerosing influence of either 
component. Such leads naturally need to be 
followed up. 

The injurious action of any dust may also 
express itself by way of its effects on the 
bronchi and alveolar membranes even when 
no fibrogenic stimulus goes forth from it. 
However, in this series of rare earth expo- 
sures neither 
persisted after the initial irritation caused 


bronchitis nor bronchiolitis 
by the introduction of the dust suspension, 
and no terminal emphysema could be dem- 
onstrated. 

The prolonged focal persistence of rare 
earth deposits may furnish a clue as to the 
reasons for radiographic mottled shadows 
which be demonstrated in men who 
have been industrially exposed to these sub- 
stances under conditions facilitating the in- 
halation of dust. Discovery of such shadows 
in plant personnel should clearly be inter- 
preted with some caution; they would prob- 
ably correctly signify a benign underlying 
condition comparable to baritosis or argy- 
304 
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rosis rather than a disease associated with 

fibrosis or any other progressive process. 
The 


specific exception. The delayed effects of the 


foregoing deduction requires one 
rare earth dust appear to include a propen- 
sity toward granulomatosis of a kind some- 
what reminiscent of that already well popu- 
larized as a chronic lesion associated with 
the inhalation of 
pounds. Apart from the intrinsic significance 


certain beryllium com- 


of this lesion, the presence of such granulo- 
mata could possibly cast additional roent- 
genographic shadows. 

It is of significance to note that the granu- 
lomata first appeared when the rare earth 
components were being progressively with- 
drawn from the pulmonary tissue. Inciden- 
tally, no study was made at the time as to 
whether beryllium compounds were or were 
not present in the rare earth blend. Attention 
should also be drawn to the fact that the 
granulomata developed within Ivmph nodes 
by a process of substitution for the lymphoid 
tissue. This process is somewhat contrary 
to the 
beryllium disease where granuloma forma- 


apparent sequence of events in 
tion may oftener than not commence in alve- 
olar walls or at the angles between separate 
alveoli while lymphoid tissue mostly escapes 
arly involvement. A further point of con- 
trast concerns the marked lack of the fibro- 
genic action in relation to these granulomata 
in the rare earth exposure. 

The marked eosinophilic reaction is appar- 
ently a distinctive phenomenon in this case. 
Not only did eosinophiles occur early and 
persist to the end of the experiment, but 
they varied from polymorphonuclear cells 
to monocytes and could be found in the lung 
parenchyma as well as the hilar lymph nodes. 
The presence of eosinophilia has recently 
been reported in connection with the experi- 
mental exposure of guinea pigs to cobalt 
metal.* It is also an early manifestation in 
the reaction to quartz dust,* the difference 
being that quartz is acutely toxic to the 
eosinophiles whereas the rare earths do not 
appear to destroy them. 

A final point of interest concerns the pro- 
gressive transport of the earths to the hilar 
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BIOLOGICAL ACTION OF RARE 
lymph nodes and the delayed reaction at this 
site. By analogy this occurrence might signify 
that, given enough subsequent time in normal 
air, industrial personnel who had inhaled the 
dust and in whose lungs suggestive miliary 
radiopacities had become established may 
anticipate ultimate amelioration of this sign. 
It would be of interest to know whether such 
extrapolation is permissible. 


SUMMARY AND CONCLUSIONS 

When introduced into the lungs of guinea 
pigs, a blend of rare earths with a high 
oxide content produced fatal delayed chem- 
ical hyperemia in a third of the animals. 
that the introduction 
of the dust, cellular eosinophilia was a prom- 
inent feature. 

Most of the 
atelectatic 


In those survived 


dust was trapped within 


focal areas, and no material 


chronic cellular reaction or fibrosis occurred 
in relation to these deposits. 


EARTH 


OXIDES 


Isolated cellular vascular granulomata 
were found after a year. 

Most of the pigment seemed gradually 
to be transported to the hilar lymph nodes 


but caused no significant reaction there. 
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Il. The Experimental Pulmonary Histopathology Produced by a Blend 


Having a Relatively High Fluoride Content 


G. W. H. SCHEPERS, M.D., D.Sc., Saranac Lake, N. Y. 


Although the blend of rare earths with a 
relatively high fluoride content was not 
significantly more toxic when introduced 
intratracheally than was the blend with the 
higher oxide ratio, to judge by the mortality 
trends,’ the histological lesions provoked 
differed considerably.* In the present account 
the pulmonary lesions produced by the high 
fluoride rare earths, both on intratracheal 
injection and after a prolonged period of 
inhalation, will be described. These experi- 
ments have already been outlined.! 


PULMONARY HISTOPATHOLOGY INDUCED BY 
INTRATRACHEAL EXPERIMENT 

The immediate pulmonary tissue response 
to the intratracheal injection of 100 mg. of 
this dust manifested itself as a marked paren- 
chymal hyperemia and as bronchitis and 
bronchiolitis. 

This acute reaction was still present at the 
end of the first month after the second injec- 
tion and was seen to consist of massive dis- 
tention of capillaries, some being so engorged 
as to completely occlude the alveolar spaces. 
There was, however, no material tendency 
to leakage of serum or blood cells from these 
enlarged blood sacs. 

The bronchitis and endobronchitis per- 
sisted in a subacute form at the end of the 
first month. There was considerable epithe- 
lial necrosis and desquamation, and plugs 
or debris filled the lumina of some of the air 
passages. More spectacular was the promi- 
nence of peribronchial cellular infiltrates, 

Recorded for publication July 11, 1955. 
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comprised mainly of lymphocytes and mac- 
rophages. Eosinophiles were not prevalent. 
Dilated blood vessels were found lying 
among these cellular deposits. The bronchial 
muscular layer had become hypertrophied 
even at this early stage, and the alveolar 
ducts tended to be dilated. This suggests that 
a state of bronchial spasm and obstruction 
to air flow had prevailed in the preceding 
weeks. Regional peripheral emphysema also 
was in evidence (Fig. 14). 

Around the smaller blood vessels there 
were marked lymphoid concentrations, and 
the parenchymal lymph nodes themselves 
showed some marginal proliferation. 

Scattered pigment deposits were present. 
The sites of election for these were in close 
proximity to bronchioles, more frequently 
in relation to those that had become partially 
plugged by mucus and cellular detritus. Most 
of this pigment was extracellular, though 
some was present in macrophages and some 
had entered the alveolar walls. Koniophores 
were, however, relatively scarce within the 
alveoli. 

The enlarged hilar lymph nodes showed 
marked medullary endothelial-cell hyper- 
plasia and infiltration by means of acidophilic 
pigment-bearing macrophages (Fig. 12). 

The tendency to capillary distention per- 
sisted regionally even after the expiration 
of a full year. This phenomenon was most 
marked where there were conspicuous dust 
deposits. At such regions some cellular pro- 
liferation in the walls of the containing alve- 
oli also could be found. 

More generally the alveolar walls had al- 
ready become attenuated, relatively acellular 
and avascular, and contained very little pig- 
ment or koniophores. There was, however, 
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Fig. 1—Early and delayed reactions to intratracheally introduced rare earths—100 mg. dose: 
guinea pigs. 4, lung: marked hyperemia with bronchiolitis (one month). B, hilar lymph node : 
koniophore infiltration in the medulla (one month). C, massive parabronchial deposits; dust 
trapped within atrophic alveoli around a partly regenerated bronchus (17 months). J, hilar 
lymph node: focal accumulation of pigment without regional fibrosis cr vascular damage 
(17 months). 
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no atrophic vesicular emphysema through 
rupture of adjacent walls, but in some areas 
the alveoli remained relatively distended. 
The cellular infiltration around blood ves- 
sels had receded, leaving an insignificant 
residuum of cellular collars encircling smaller 
vessels. The bronchioles and alveolar ducts 
were inclined to remain distended. There was 
some trend toward crypt formation and epi- 
thelialization of proximal alveolar walls. The 
lymph nodes showed marked medullary mac- 
rophage infiltration but no distinct fibrosis. 
Healing proceeded very slowly, and by the 
end of 570 days regional hyperemia, cellular 
infiltration, bronchitis or bronchiolitis, and 
atrophic emphysema could still be found even 
though very few dust particles remained in 
the parenchymal pulmonary tissues. All 
such matter appeared to be within the occa- 
sional koniophores which were present. At 
isolated sites where the dust had been heavily 
deposited around bronchioles, the lack of 
fibrous reaction could be well seen (Fig. 1C). 
The affected bronchioles showed some dis- 
tortion but had become partially healed. The 
hilar lymph nodes also showed marked 
medullary infiltration by acidophilic macro- 
phages and some fibrocytes, but there were 
no material collagen changes despite heavy 
focal deposits of rare earths (Fig. 1D). 


HISTOLOGICAL CHANGES RESULTING FROM 
INHALATION EXPERIMENT 

When the dust was introduced more slowly 
and caused to accumulate progressively 
within the pulmonary tissues by means of 
the inhalation experiment, certain essential 
differences in the tissue reaction could be 
observed. 

The particles were readily phagocytosed 
by alveolar macrophages and evidently as 
rapidly transferred to the alveolar walls. In- 
deed, at the end of the second month as many 
dust-filled koniophores could be seen within 
the alveolar walls or at the interstices where 
different alveoli meet as could be demon- 
strated within the alveolar spaces or within 
free-lying koniophores (Fig. 24). Pigment 
could be identified within the cytoplasm 
of the alveolar septal cells, and even the 
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epithelial cells of bronchi and bronchioles 
contained black granules. This observation 
constitutes a most unusual phenomenon in 
dust experiments and seems to signify an 
undue avidity of tissue cells for this dust. 

A variable degree of cellular proliferation 
or accumulation occurred within the alveolar 
walls and consisted almost wholly of mac- 
rophages with occasional eosinophiles and 
plasma cells. Many of the alveolar walls ap- 
peared completely normal; yet many others 
showed marked capillary engorgement. Yet 
others seemed to have become devascular- 
ized. The latter appearance could be related 
to the fact that many of the smaller arterioles 
were closely ensheathed within dense collars 
of macrophages and plasma cells which en- 
croached upon the vascular lumina. 

No decisive trend toward regional aggre- 
gation of the pigment deposits or the cellular 
accumulations could be discerned at such an 
early stage. The parenchymal lymph nodes 
showed no proliferative response, but the 
hilar lymph nodes were found to be swollen 
through moderate medullary hyperemia and 
macrophage infiltration. This reaction was 
out of proportion to the limited amount of 
pigment concentrated here. 

The bronchi and bronchioles tended to be 
a little distended, but the epithelial surfaces 
were normal except for a tendency to absorb 
pigment. 

At four months from the onset of the in- 
halation experiment, the tissues revealed a 
decisive change. Now numerous areas of in- 
tense cellular accumulation could be found 
in subpleural, perivascular, and peribronchi- 
olar or parabronchiolar locations. At some 
sites the swollen alveolar walls had become 
virtually confluent (Fig. 26). The main com- 
ponents of these areas appeared to be mac- 
rophages and plasma cells, but some lympho- 
cytes and polymorphonuclear leucocytes were 
also to be seen, and vascular capillaries sur- 
vived within these consolidated areas. No 
eosinophiles were present. 

For the most part the capillaries were en- 
gorged, and at isolated points the distended 
capillaries had ruptured, with extravasation 
of erythrocytes into the alveoli. 
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Fig. 2—Early pulmonary response to inhaled rare earths—guinea pigs. A, alveolar walls 
showing pigment-filled macrophages applied to and penetrating the alveolar walls (two months). 
B, diffuse and focal cellular proliferation in the pulmonary parenchyma (four months). C, peri- 
vascular accumulation of intracellular pigment (12 months). 1), subpleural focus of cellular 
infiltration (12 months). 
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An interesting feature regarding the 
dust pigment concerned its marked predilec- 
tion for incorporation within enormous koni- 
ophores, which showed distinct pseudopodia 
by means of which they adhered to adjacent 
alveolar walls. Distended though these koni- 
ophores were, nevertheless they managed to 
insinuate themselves into the interstices of 
the alveolar walls, and many could be ob- 
served partly imbedded within the alveolar 
septa and partly protruding from them. 

The lymphoid tissue in the lung also 
showed some marginal proliferation, with 
cells infiltrating into the adjacent alveolar 
septa. At this early stage the hilar lymph 
nodes did not show any marked change be- 
yond that already noted. 


By the end of the first year the foregoing 
pattern of reaction to the inhaled dust had 
become well established, and certain addi- 
tional features had been added. 


The progressive accumulation of particles 
within the alveolar spaces and around smaller 
blood vessels was now much more apparent. 
This pigment occurred as large masses in 
relation to which macrophages were not al- 
ways detectable, though it may be presumed 
that some cytoplasmic elements were cement- 
ing the particles together (Fig. 2C). 

Cellular masses were now more prevalent 
in the subpleural zones, and within the cen- 
ters of some of these areas some necrotic 
changes were noted. Frequently these cellu- 
lar zones were also markedly hyperemic, and 
hemorrhages occurred into and around these 
regions (Fig. 2D). 

Quite an advanced degree of atrophic 
vesicular and hypertrophic focal to bullous 
emphysema had supervened at a multiplicity 
of sites toward the end of the first year. 
Some of the former types of emphysema 
could have been due to degenerative changes 
in the alveolar membranes, but the latter 
variety was almost certainly related to asso- 
ciated changes in the bronchi. 

Chronic bronchitis and bronchiolitis had 
become well established. The essential lesions 
comprised epithelial necrosis and desquama- 
tion with attempted papillary regeneration, 
310 
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but a mucosal reaction was not a prominent 
feature. The air passage distention seen at 
earlier stages now constituted a distinct 
bronchiolectasia, and a certain measure of 
crypt formation was present. Desquamated 
detritus occupied some bronchi. 

Toward the end of the first year the in- 
flammatory type of reaction had almost com- 
pletely subsided. The lessened alveolar wall 
hyperemia even gave way to apparent ische- 
mia. At isolated foci there still was some 
evidence of cellular infiltration, and areas of 
almost complete lobular consolidation by 
macrophages could be found. No fibrosis was 
observed in these areas. This type of reac- 
tion did not increase as the experiment pro- 
ceeded, and the presence of these reactive 
zones could have represented residua of 
earlier more extensive inflammatory reac- 
tions. 

Throughout the subsequent two years of 
this inhalation experiment, the rare earth 
dust slowly accumulated in the lung tissue. 
The maximal deposition occurred subpleu- 
rally and as paravascular and parabronchial 
condensations. The pigment was found not 
only in macrophages applied to the alveolar 
walls in these regions but more particularly 
accumulated in lymph spaces and nodes in 
the lung. The hilar lymph nodes, however, 
showed no significant progressive infiltration 
during the second and third years, beyond 
the stage already reached by the end of the 
first year; nor was there any focal cellular 
or fibrous reaction to the presence of these 
pigment deposits. 

The emphysema which had become evi- 
dent at a quite early stage of the experiment 
evolved into a characteristic and progressive 
disorder during the second and the third 
year. The atrophic vesicular phase receded 
in significance once the inflammatory stage 
had subsided. In its place the hypertrophic 
focal variety evolved into a multifocal bullous 
disease. This change was most marked at the 
lung periphery and in the apices and bases. 
Many of the bullae became so large that they 
compressed adjacent alveoli. Though their 
walls became extremely attenuated, they did 
not readily rupture. In some instances epithe- 
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Fig. 3.—Genesis of focal hypertrophic emphysema—inhalation of rare earths: guinea pigs. 
A, bronchiole with distended alveolar ducts (12 months). B, cluster of distended alveolar ducts 
around a blood vessel (16 months). C, alveolar ducts dilated at the expense of adjacent 


alveoli which they compress (24 months). D, perifocal emphysema through deposition of 
pigment in relation to blood vessel (39 months). 


a 

A 

311 

A 


A. M. A. ARCHIVES OF INDUSTRIAL HEALTH 


C 


Fig. 4—Genesis of focal hypertrophic emphysema—inhalation of rare earths: guinea pigs. 
A, incipient distention of alveolar ducts with normal alveoli and bronchioles (two months). B, 
sphincteric narrowing at point of juncture between alveolar ducts and bronchioles (16 months). 
C, distention of alveolar ducts and bronchioles with some mural rupturing (36 months). LD), 
distention of peribronchial blood vessels and sphincteric narrowings at points of bifurcation 
ot bronchioles (36 months). 


312 


B 


BIOLOGICAL ACTION OF RARE EARTH 


lialization of these bullae proceeded outward 
from the proximal alveolar ducts and bron- 
chioles, many of these alveolar ducts them- 
selves having become markedly distended 
and resembling bullae. Where the bullous 
spaces invaded areas of cellular proliferation, 
a very characteristic honeycomb effect was 
produced. 

The evolution of a characteristic cluster of 
bullae has been traced in Figure 3. As is 
evident, the distention of alveolar ducts com- 
menced at an early stage and preceded en- 
largement of the alveoli, which became 
plowed open from the proximal to the distal 
portions. The distending alveoli then became 
clustered about the parenchymal vascular 
system and by compressing and displacing 
intervening alveoli eventually abutted  di- 
rectly on the vessels. At this stage, reached 
toward the end of the second year, the emphy- 
sema cannot yet be classified as of the peri 
focal variety. However, during the final year 
of the experiment, the intrapulmonary pig- 
ment increased markedly, and by infiltration 
around and in relation to the blood vessels, 
the characteristic grouping of bullae round a 
focus of pigment (Fig. 3))) is seen. 

The walls of these distended spaces ap- 
peared to be very thin but apparently did not 
rupture readily, though some interrupted 
septa could be seen toward the end of the 
third year (Fig. 4C). Cuboidal epithelium 
lined these spaces partially, and it is clear 
that these cells were remnants of normal 
constituents of the lung, having been derived 
from the alveolar ducts which had changed 
into these bullae. 

Considerable pulmonary vascular medial 
myohypertrophy, apparently associated with 
this emphysema, had supervened toward the 
end of the third year of exposure. Capillary 
circulation through the walls of the alveoli 
appeared unimpaired for a prolonged period 
after the initial phase of engorgement. To- 
ward the latter months of the third year of the 
inhalation experiment, alveolar wall ischemia 
became partially evident, and it is, of course, 
possible that these regional changes may be 
related to the muscular hypertrophy in the 
blood vessels. Unfortunately no record was 
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kept of any possible associated cor pulmonale. 
Distention of the bronchial vessels was 
demonstrable at the end of the three years of 
exposure (Fig. 4)) and may possibly have 
some relation to the evolution of the restricted 
pulmonary circulation and the possible estab- 
lishment of a collateral circulation. 

The respiratory passages revealed a series 
of interesting changes. Fusiform distention 
of the bronchioles and alveolar ducts was 
demonstrable within two months from the 
start of the experiment, shortly after the acute 
bronchitis had commenced to change to a 
more chronic phase ( Fig. +4 ). By the end of 
the first year chronic inflammation had _be- 
come associated with the development of 
prominent epithelial rugae sphincteric 
contractions of the lumen at points of bifurca- 
tion of the bronchial tree. Isolated saccula- 
tions of the walls of bronchioles and of the 
alveolar ducts were also present (Fig. 46). 
The scars of earlier periods of more acute 
inflammation could frequently be seen to dis- 
tort bronchial walls at points where the mus- 
cularis was interrupted (Fig. 54 ). That even 
at this delaved stage (18 months) the bron- 
chial mucosa was still actively participating 
in the retention of the rare earth dust is evi- 
dent from Figure 58. The masses of pigment 
demonstrated are all contained within konio- 
phores. It is not clear, of course, whether the 
pigment was being extruded by this route, 
aiter having been trapped within the alveoli 
and transported by the lymphatics to the 
bronchi, or whether the pigment represented 
new dust recently absorbed directly by the 
bronchial epithelium. 

While some of the alveolar ducts had be- 
come grossly dilated, others of these ducts 
persisted among the bullae as_ relatively 
atrophic structures surrounded by pigment- 
laden cells (Fig. 5C). Toward the end of the 
third year of exposure, the focal deposition of 
the pigment in relation to the sphincteric 
narrowings, which lie proximal to the dis- 
tended alveolar ducts, had become clearly 
demonstrable ( Fig. 5D). These regional nar- 
rowings were not necessarily associated only 
with bronchi which were the seat of active 
chronic inflammatory reaction. 
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Fig. 5—Bronchial changes induced by rare earths—inhalation method: guinea pigs. 
bronchial infiltration and minimal associated distortion of walls (18 months). B, pigment-laden 
cells infiltrating around distended blood vessel, into mucosa, and between bronchial epithelial 
cells (18 months). C, distended alveolar ducts resembling alveoli but partly lined by cuboidal 
epithelium ; one atrophic duct surrounded by pigment-containing cells (18 months). D, deposition 
of rare earth particles in the adventitia of a bronchiole opposite constricted annular zone of 
transition to alveolar duct (30 months). 
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COMMENT 

The results of this experiment with rare 
earths in which the fluoride salts predomi- 
nated raise numerous issues beyond those 
specifically concerned with the toxicology of 
rare earths or of fluorides. 

The dominant pathological effects pro- 
voked are the bronchial changes and_ the 
emphysema. 

The explanation of this emphysema _phe- 
nomenon appears to reside in the sequence of 
changes affecting the bronchioles. Indeed, as 
the bullae on final analysis really are disten- 
tions of the alveolar ducts, the disease process 
truly remains limited to the respiratory pas- 
sages. Which came first ? The wi lening of the 
alveolar ducts and terminal bronchioles com 
menced as early as the second month of the 
experiment, before there was any possibility 
of mechanical factors as a cause either in the 
form of obstruction or distortion through 
local pigment deposition or fibrosis. On the 
other hand, the regional valve-like or sphine- 
teric appearances cannot be ignored as pos- 
sible mechanisms in the final phases of the 
genesis of the emphysema. Morphologically 
speaking, these sphincters do not appear 
narrow enough effectively to block the air 
flow past them, and any obstruction rigid 
enough to achieve the latter result would 
more likely lead to regional atelectasis. It is 
possible that the prominent rugae near these 
narrowings may act as selective check valves. 
which are forced against the strictured seg- 
ment of the lumen on expiration but move 
out of the way on inspiration. Some of the 
flaps demonstrated in this series could pos- 
sibly act in such a manner, but others would 
have the diametrically opposite effect, to 
judge by their anatomical disposition in rela- 
tion to the strictured zone. The more likely 
explanation seems entirely speculative and is 
based on the demonstrated deposition of the 
rare earth particles in juxtaposition to the 
sites of the autonomic ganglia and nerves via 
which the motor tonus, peristaltic waves, and 
other rhythmical contractions of the bronchi 
and bronchioles are regulated. It may be pre- 
sumed that the same chemical components of 
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the rare earth blend which were capable of 
provoking the mild degree of chronic inflam- 
matory reaction would possibly act chemically 
on the pulmonary system of innervation and 
particularly at the sensitive synaptic junc- 
tions. The latter are present in the lung as 
orthosympathetic relay stations ; assuming 
lor the moment that. the parasympathetic 
fibers of the vagus are not as readily affected 
by the chemical agents, as they have no syn- 
aptic relays such as are known to exist for 
the orthosympathetic nerve fibers, the possi- 
bility of a focal inversion of autonomic bal- 
ance would arise. This would then be an 
instance of a chemically induced neurogenic 
type of focal emphysema. 

It is but one step from this experiment to 
Heppleston’s * concept of focal emphysema 
in coal workers. Coal has such a diversity of 
within 


substances its composition that it 


would not be surprising to learn that. the 
essential components in the high fluoride rare 
earth blend which produced focal emphysema 
experimentally are present also in coal and 
thus would perhaps be the causative agents 
of coal miners’ emphysema. It is perhaps not 
even necessary to have the identical chemical 
agents. | have recently shown * that several 
unrelated heavy metals appear capable of 
producing comparable lesions. 

Why then has focal emphysema not previ- 
ously been experimentally induced by coal 
dust? Species specificity may partly account 
for the phenomenon. Thus, while coal may 
produce emphysema in man, it will not neces- 
sarily do so in animals. By the same token, 
one cannot extrapolate the results obtained 
by the present experiment directly to man. 
Not until emphysema does become an indus- 
trially significant disease in workers exposed 
to rare earth fluoride dusts, would the present 
findings on guinea pigs become applicable as 
an explanation for the human disease. 

[t is possible also that experiments on coal, 
carbon, or graphite have not always been 
carried through for a sufficiently long period. 
Emphysema became clearly established as a 
dominant disease in the present experiment 
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only after a period of prolonged expo- 
sure. Even in The Saranac Laboratory in- 
halation studies have not always been pro- 
longed for three years. Perhaps repetition of 
the coal experiments over such a prolonged 
period would bring about the desired result. 

A further significant discovery which has 
relevance to the problem of coal miners’ 
emphysema concerns the observation that the 
focal distention of the alveolar ducts preceded 
the massive deposition of the dust in the lung. 
It has generally been assumed that in coal 
miners the anthracosis precedes the emphy- 
sema. study of autopsies on coal miners 
who died from accidents in the early part of 
their career might reveal significant relevant 
data. 

It should be pointed out too that in this 
blend of rare earths there was no silica. The 
opinion is widespread that quartz is the cru- 
cial factor in the genesis of disability of coal 
miners. Evidence seems to be at hand that the 
causative agent in coal need not necessarily be 
the quartz but may be some other ingredient. 

The evident avidity of the koniophores for 
the rare earth blend in this experiment con- 
trasts with the minimal degree of hilar node 
involvement in the inhalation experiment. 
The presence of dust-laden cells in the bron- 
chial mucosa and epithelium furnishes a hint 
that the route of elimination of the dust was 
partly via the bronchial mucosa, so that the 
hilar lymph nodes were bypassed. The capac- 
ity of the koniophores to gorge themselves 
with the rare earth particles until they had 
attained up to 10 times their normal dimen- 
sions may have led to the implication that 
such juggernauts could not be transported 
all the way to the hilar nodes, dying on the 
way and ultimately accumulating focally in 
the lungs. It is also possible that such en- 
gorged cells may have blocked the finer lym- 
phatic passages after they had ceased to be 
able to change their shape by ameboid action. 
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It is possible too that no significant changes 
are produced in the hilar lymph nodes, be- 
cause the particles are not necessarily perma- 
nently retained here, being redistributed to 
the rest of the reticuloendothelial system as 
fast as they reach the hilar nodes. 


SUMMARY 


1. When introduced by intratracheal in- 
jection, a blend of rare earth compounds 
dominantly composed of fluorides provokes 
an acute transient chemical pneumonitis, 
subacute bronchitis and bronchiolitis, and 
residual deposits in relation to which no 
reaction occurs. 

2. The dominant histopathological changes 
which result progressively from the pro- 
longed inhalation of the rare earth high 
fluoride dust comprise focal hypertrophic 
emphysema, regional bronchiolar stricturing, 
and subacute chemical bronchitis. Pigment is 
focally retained but provokes no fibrosis or 
granulomatosis. 


3. The results furnish clues concerning the 
mechanism of coal miners’ emphysema. 


REFERENCES 


1. Schepers, G. W. H.; Delahant, A. B., and 
Redlin, A. J.: An Experimental Study of the 
Effects of Rare Earths on Animal Lungs, A. M. A. 
Arch. Indust. Health, this issue, p. 297. 

2. Schepers, G. W. H.: Biological Action of 
Rare Earths: I. The Experimental Pulmonary 
Histopathology Produced by a Blend Having a 
Relatively High Oxide Content, A. M. A. Arch. 
Indust. Health, this issue, p. 301. 

3. Heppleston, A. G.: Pathological Anatomy 
of Simple Pneumokoniosis in Coal Workers, J. 
Path. & Bact. 66:235, 1953. 

4. Schepers, G. W. H.: Biological Action of 
Tantalum Oxide: Studies on Experimental Pulmo- 
nary Histopathology, A. M. A. Arch. Indust. 
Health 12: 121-123, 1955. 

5. Schepers, G. W. H.: Biological Action of 
Cobaltic Oxide: Studies on Experimental Pulmo- 
nary Histopathology, A. M. A. Arch. Indust. 
Health 12:124-126, 1955. 


‘ 
A 
- 
316 


* Experimental Study of the Effects 
of ja Dust on 


G. W. H. SCHEPERS, M.D., D.Sc. 
and 
T. M. DURKAN, M.E., Saranac Lake, N. Y. 


The occurrence of a series of deaths from 
pulmonary disease following exposure to tale 
mining in upper New York State caused 
The Saranac Laboratory to inquire experi- 
mentally into the precise causative agent of 
this form of pneumoconiosis. This series of 
experiments, in which one of us (T. M. D.) 
participated, was conducted at The Saranac 
Laboratory under the supervision of the late 
Leroy U. Gardner, M.D., during the period 
1937-1941, and the results are now reported 
for the first time. They have lost neither 
their relevance nor importance, as instances 
of tale pneumoconiosis recur sporadically, 
and a recently resected lung apical lobe from 
a paper-mill worker, suspected to be suffer- 
ing from tuberculosis, revealed on study by 
one of us (G. W. H. S.) that tale dust may 
cause lung disease in the most unexpected of 
occupations. 

A study of the dust to which eight fatal 
cases were exposed and of the minerals re- 
covered from their lungs’ showed that the 
mineral tale is but one of the components of 
commercial tale, to which they were exposed. 
Along with the tale there occur in variable 
proportions tremolite, anthophyllite, quartz, 
serpentine, and dolomite. The animal ex- 
periments were, therefore, designed to probe 
the specific effects of each of these compo- 
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nent substances. In these experiments the 
mineral, or mixture of minerals, in the form 
of a dust suspension was introduced into 
animals by the intravenous and by the intra- 
tracheal technique. Rabbits, guinea pigs, and 
rats were used, but not both techniques were 
employed for each species. Minerals selected 
for their purity were used, and in some in- 
stances contaminating substances were re- 
moved, or reduced in amount, by sedimenta- 
tion in heavy liquids. 

The progressive and essential steps fol- 
lowed in conducting these experiments are 
summarized in the accompanying Tables. 
A separate control study with quartz was 
not performed, as the effects of this substance 
had already been established by previous ex- 
periments at The Saranac Laboratory, and 
those experiments serve as a control standard. 

The intravenous method of introducing 
dust into animals was used in an investigation 
in which the mineral dust, ground until the 
particles were 3u and smaller in size, was in- 
jected into the vein of rabbits and of rats 
(Table 1). Both species were used in the 
studies with talc, soda tremolite, and serpen- 
tine, and rabbits only in experiments with 
soda-iron tremolite, anthophyllite, and dolo- 
mite. 

The intratracheal technique was employed 
in three sets of experiments. In one set 
(Table 2), the four minerals studied were 
injected in the form of particles 3 and less 
in size, and, in addition, two of the minerals 
(tremolite and anthophyllite) were used as 
a dust composed of particles 20u and smaller 
in diameter. In the second set (Table 3), 
which was conducted with fibrous minerals, 
the material was crushed and then separated 
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TaBce 1.—Intravenous Injection Experiments with Talc and Associated Minerals 


Particle Size: 3 and less. 

Dosage: For rabbits the total amount of dust injected was 1.0 gm. divided into 20 equal doses (each dose was 
5 ml. of a 1% suspension) injected twice a week for 10 weeks into the ear vein. 
For rats the total amount of dust injected was 100 mg. divided into 18 doses (beginning at 0.5 ml. 
of a 0.25% suspension and increasing to 0.5 ml. of a 1% suspension) injected twice a week for nine 
weeks into the tail vein. 

Periods at Which Animals Were Killed: Usually at intervals of 3 to 6 months up to one year after injection 
and at intervals of 6 to 12 months thereafter. 


Maximal 
Time Survival 
Ball- After Last 
milled, Injection, 
Mineral Hr. Animals Mo. Results 
Tale (Georgia)............. 1,900 4 rabbits 24 Bronchitis, bronchiolectasia, endarteritis proliferans, 
macrophage catarrh, pleural thickening 
Tale (Georgia)............. 72 8 rats 15 Inert 
Tremolite (soda-iron)..... 140 4 rabbits 19 Inert 
Tremolite (soda).......... 48 4 rabbits 24 Inert 
Tremolite (soda).......... 310 4 rats 10% Minute cellular infiltrates 
Anthophyllite.............. 1,400 4 rabbits 24 Minute cellular infiltrates 
72 4 rabbits 12 Persistent paravascular granulomata 
72 6 rats 12 Persistent paravascular granulomata 
 skiescsnecseuteses 144 3 rabbits 24 Transient phagocytosis and toxemia 


TABLE 2.—Intratracheal Injection Experiments with Tale and Associated Minerals 
Dust Composed of Small Particles or Short Fibers 


Dosage: The total amount of dust injected was 150 mg. divided into three equal doses (each dose was 0.5 ml. 
of a 10% suspension) injected a week apart. 

Animals Used: Guinea pigs. 

Periods at Which Animals Were Killed: Usually at intervals of 3 to 6 months up to one year after injection 
and at intervals of 6 to 12 months thereafter. 


Maximal 
Time Survival 
Ball- After Last 
milled, Particle Ani- Injection, 
Mineral Hr. Size, uw mals Mo. Results 
Tale (Georgia) 650 3 and less 13 28 Bronchiolectasia and bronchitis; perivascular and 


peribronchial cellular proliferation and fibrosis; 
fibrocellular pleural sclerosis 

Tremolite (Alps) 48 3 and less 6 38 Transient macrophage reaction and persistent 
eosinophilia; perivascular and peribronchial lym- 
phocytie infiltration 


Tremolite (Alps) ate 20 and less 6 12 Incipient bronehiolectasia and peribronchial fibro- 
sis; incipient periarteriolar cellular infiltrates 

Anthophyllite 1,700 3 and less 6 12 Catarrhal bronchitis; peribronchial, periarteriolar 
and cellular masses; peribronchial fibrosis 

Anthophyllite ren 20 and less 6 12 Bronchiolectasia and catarrhal bronchiolitis; peri- 
bronchial fibrosis 

Serpentine 1,500 3 and less s 12 Chronie bronchitis and bronchiolectasia 


TaBLE 3.—Intratracheal Injection Experiments with Talc and Associated Minerals 
Dusts Composed of Long Fibers 


Dosage: The total amount of dust injected was 75 mg. of tremolite and 50 mg. of anthophyllite, divided into 
equal doses (each dose was 0.5 ml. of a 5% suspension) injected a week apart. There were three 
injections of tremolite and two of anthophyllite. 

Animals Used: Guinea pigs. 

Periods at Which Animals Were Killed: For tremolite 1, 4, 8, 12, 17, and 18 months and for anthophyllite 1, 8, 
and 12 months after last injection. 

Maximal 
Survival 
After Last 


Fiber Injection, 
Mineral Length,u Animals Mo. Results 
Tremolite (Alps) 20-50 6 18 Bronchiolectasia and bronchiectasis with peribronchial pro- 
liferative fibrosis and cicatrization; interstitial fibrosis 
and macrophage proliferation; tremolite bodies; cellular 
metaplasia 
Anthophyllite 20-50 6 12 Bronchiolectasia and bronchostenosis; foeal peribronchial 


cellular reaction; irregular fibrosis 


An experiment with long-fiber tale was not conducted because attempts to obtain mineral specimens con- 
taining long fibers of tale were unsuccessful. 
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of a 5% suspension) injected a week apart. 
Animals Used: Guinea pigs. 


by sedimentation in alcohol to isolate fibers 
approximately to long. It is reported 
that the mineral tale may exist in fibrous 
form,’ but attempts to obtain tale samples 
suitable for preparing fibers 20u to 50y in 
length were unsuccessful. The occurrence of 
tale as a long-fiber mineral would appear to 
be uncommon. 

The third set of intratracheal experiments 
(Table +) was specifically designed to mimic 
the dust exposures of the upper New York 
State industries and particularly to probe the 
influence of quartz on the combined or sep- 
arate pathogenicity of the other components 
of commercial talc. The effects of these sub- 
stances may now be scrutinized. 


EFFECTS OF TALC AND OF ASSOCIATED 
MINERALS ON TISSUE 

Dolomite-—The intravenous introduction 
of dolomite proved toxic to the rabbits, some 
dying while the injections were being made 
and others within a few days. Such animals 
showed a macrophage reaction in the alveoli 
by the third day, with perivascular and peri- 
bronchiolar cellular accumulations. Occa- 
sional eosinophile infiltrates were to be seen. 
The lungs of animals surviving to 24 months 
showed no abnormality, a condition suggest- 
ing either a complete recovery or a lack of 
chronic response in the first instance. 


ANIMAL 
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TABLE 4.—Intratracheal Injection Experiments 
Mixtures of Tale Minerals and Quartz 


Dosage: The total amount of dust injected was 75 mg. divided into three equal doses (each dose was 0.5 ml. 


Periods at Which Animals Were Killed: Usually 1, 4, 8, and 12 months after last injection. 


Maximal 
Survival 
After Last 
Mineral Per Particle Ani- Injeetion, 
Mixture Cent Size, uw mals Mo. Results 
esd niwbacnens 75 3 and less 6 12 Multiple fibrocellular granulomata; bronehiolitis and 
25 bronchiolectasia; perivascular fibrocellular reac- 
tion; periadenitis and lymphoid hyperplasia 
Tremolite........ 65 3 and less 6 12 Massed macrophages and some central necrosis and 
Quartz........... 35 peripheral minor fibrosis; transient bronchitis 
Anthophyliite.... 5d 20-50 6 12 Massed confluent subpleural, alveolar mural and 
ea 45 3 and less perivascular cellular proliferation; minimal fibro- 
sis; bronchiolectasia and bronchitis 
Tremolite........ 30) 3 and less 6 12 Subpleural, peribronchiolar, and perivascular mac- 
Anthophyllite.... 20 20-50 rophage and fibroeytie proliferation 
3 and less 
Tremolite........ 26 3 and less 6 12 Massive exuberant macrophage and fibrocyte cellu- 
Anthophyllite.... 17 20-50 lar proliferation; bronchiolectasia and bronchitis; 
43 3 and less minimal fibrosis 
ae l4 3 and less 


Serpentine—When introduced into rab- 
bits by the intravenous route, serpentine dust 
produced within three months a moderate 
degree of alveolar macrophage catarrh, with 
septal cellular proliferation. Dust particles 
could be seen particularly within perivascular 
macrocytic accumulations. In the case of the 
rat there is no comparable alveolar catarrh 
at 12 days, but there are some macrophage 
and multinucleated giant-cell accumulations 
at the angles between alveolar septa. In 
both the rabbit and the rat small isolated 
granulomata, composed of multinucleated 
giant cells, well-charged koniophores, unpig- 
mented macrophages, plasma cells, lympho- 
cytes, and fibrocytes with intermingled capil- 
laries, may be found at 12 months. These 
foci have a perivascular and peribronchiolar 
distribution. 

The intratracheal introduction of serpen- 
tine in guinea pigs provokes within the first 
month bronchial epithelial hyperplasia, with 
submucosal and adventitial cellular infiltra- 
tion and scattered intra-alveolar koniophores. 
By the end of a year this condition has sta- 
bilized as a chronic bronchitis, with bronchio- 
lectasia and distortion. There is considerable 
epithelial desquamation, with some papilloma 
formation. 


Talc.—When introduced into the rabbit by 
the intravenous route, tale produces within 
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one month numerous focal areas of alveolar 
macrophage catarrh and pleural thickening 
through superficial fibrocytic and macrocytic 
hyperplasia. The tale spicules are universally 
distributed throughout the pulmonary paren- 
chyma but avoid the lymphoid tissue, and 
the alveolar macrophages do not yet show 
much tale. At the end of two years this tale is 
still present in the alveolar bronchial and 
vascular walls, and the intra-alveolar macro- 
Isolated 
foci of marked vascular muscular prolifera- 


phages now also contain some talc. 


tion may be seen. More usually there is a 
perivascular alveolar reaction. [Endangiitis 
proliferans is commonly seen in the smaller 
blood vessels. Alveolar walls are thickened 
moderate 
legree of cl ic | shitis and | thiol 

degree of chronic bronchitis and bronchiolar 


through cellular proliferation. A 


dilatation is seen, together with broncho- 
pneumonic foci displaying a high proportion 
of macrophages. The pleural cellular pro- 
liferation shows no advance on that seen at 
the end of the first month. 

The rat lung is apparently immune to the 
effects of tale introduced by the intravenous 
route. No reaction is demonstrable at the end 
of the Ist month, and at end of the 15th 
month a few talc-laden macrophages may 
occasionally be seen in the alveoli. Practically 
all the tale introduced is still readily demon- 
strable in the lumina of blood vessels by 
means of polarized light. 

When introduced into guinea pigs by the 
intratracheal particulate talc 
forth within one month perivascular and 
peribronchiolar intramural cellular 
accumulations comprising histiocytes, fibro- 


route, calls 


focal 


cytes, plasma cells, and rare eosinophiles. 
Dust-containing macrophages form irregu- 
larly distributed confluent pneumonic patches 
(Fig. 1). Within eight months multiple foci 
of dust-filled koniophores in alveoli surround- 
ing bronchioles and arterioles may be seen, 
but dust cells may also effectively occupy pul- 
monary alveoli over extensive areas, produc- 
ing a solid effect. Some eosinophile and 
fibrocyte infiltration into peribronchial tissue 
is seen, and there is some fibrosis, with 
bronchiolar distortion and epithelial prolifer- 
ation. Where dust-laden macrophages reach 
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Fig. 1.—Pulmonary effects of tale injected intra- 

tracheally (Experiment 902—guinea pig lung: re- 

action one month after injection). Focal accumula- 

tion of talc-filled koniophores within pulmonary 

alveoli. 


the pleural suriace, a fibrocellular sclerosis 
with subpleural deposits may supervene. 

At the end of the first year the pleural 
reaction is well established, consisting of an 
outer fibrocellular layer, a cellular inner zone, 
and interposed foci of pigment-filled macro- 
phages. The dense perivascular sheaths of 
cells are now seen to be spilling over into the 
proximal alveolar walls. Immediately adja- 
cent to the blood vessels is a zone of lympho- 
cytes, and somewhat further afield are some 
fibrocytes. The hypertrophy of the bronchi- 
olar mucosa has advanced further, and there 
is now some epithelial desquamation and 
muscular hypertrophy. 

At the end of the second year the dominant 
residual change caused by the tale is the 
bronchiolectasia and bronchiolitis with epi- 
thelial catarrh. Marked focal cellular depos- 
its and peribronchial fibrosis occur. Fibro- 
cytes may now he seen to be intersecting the 
massed koniophores, and a delicate web of 
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collagen is being laid down. 
vade these areas. 


Capillaries in- 


When particulate tale and quartz of the 
same particle-size range are combined in the 
ratio of 3:1, the essential additional effects 
in the guinea pig on intratracheal injection 
of the mixture are perceptible within the first 
month. The effects consist essentially of a 
greater prevalence of masses of dust-filled 
koniophores, with numerous eosinophiles at 
the edges of the alveoli (Fig. 24). There is 
a distinct tendency to alveolar septal cell 
proliferation, and in the cellular masses alve- 
oli may survive as cuboidal-cell-lined spaces. 

At the end of the first year the combined 
talc-and-quartz lesion may be defined as a 
hbrocellular granuloma (Fig. 2B), and now 
numerous multinucleated giant cells occupy 
alveoli at the periphery of the koniophore 
masses. There is a distinct increase in 
lymphoid tissue not only in the parenchymal 
nodes and hilar nodes but also around the 
small blood vessels. At the fringes of the 
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lymph nodes there is considerable macrocytic 
infiltration. 

The bronchiolar distention and distortion 
produced by exposure to pure talc, though 
present, are less marked when the quartz is 
added. There is, however, more marked epi- 
thelial desquamation, and there is more peri- 
bronchial and perivascular fibrosis. 

Tremolite —The reaction of the rabbit and 
the rat to the intravenous introduction of 
particulate tremolite (3 and less in size), 
either of the soda-iron or soda varieties, is 
essentially negative. Most of the tremolite 
remains in circulation even at the end of the 
19th month, though some particles may be 
demonstrable in alveolar walls and lymph 
nodes. However, even in the latter locations 
the dust may be within the capillaries. Very 
few macrophages are to be seen, and they 
are limited to minute perivascular infiltrates 
of macrophages and fibrocytes. 

When tremolite of similar particle-size 
range is introduced into the lungs of guinea 


Fig. 2—Pulmonary effects of the intratracheal injection of tale combined with quartz 
(Experiment 902—guinea pig lung). 4, reaction one month after injection; massed accumulation 
of talc-filled koniophores obscuring the alveolar pattern. B, reaction 12 months after injection; 
persisting macrophages ; granuloma with slight fibrotic changes and some capillary infiltrations. 
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Fig. 3—Pulmonary effects of tremolite injected 
intratracheally (Experiment 900—guinea pig lung: 
reaction one month after injection). Commencing 
crypt formation in a bronchiolar wall at the end 
of the first month under the influence of tremolite 
fibers 3u in length. 


pigs, many of the bronchioles are observed 
to have undergone erosion at the end of the 
first month, with peribronchiolar fibrocytic 
and macrocytic accumulation. The epithelium 
tends to be proliferated and to be desqua- 
mated. Giant macrophages filled with tremo- 
lite particles occupy the alveoli immediately 
adjacent to the alveolar ducts, and some 
scattered eosinophiles are to be seen among 
these cells. The reaction may, however, be 
limited to slight bronchiolar evagination 
( Fig. 3). 

At the end of the first year there may be 
residual periarteriolar and _peribronchiolar 
lymphocytic infiltration and isolated islets of 
particle-filled macrophages. Eosinophiles lie 
scattered among them. The bronchiolar mu- 
cosa also shows considerable eosinophilia. 

When the tremolite is introduced in the 
form of particles up to 20 in length, the 
spicules may be seen to be well dispersed and 
closely applied to the alveolar walls of the 
guinea pigs at the end of the first month. 
Numerous macrophages may also be seen 
containing such particles, but these dust cells 
are by no means comparable in size to the 
giants seen in the preceding instances. There 
is a great abundance of eosinophiles and com- 
mencing fibrocytic infiltration of alveolar 
walls. The bronchioles are a little distended 
and distorted and show incipient crypt for- 
mation. 

The latter change is seen to have advanced 
appreciably at the end of the first year, and 
322 


goblet cells are now present in greater pro- 
fusion. There is also now more cellular infil- 
tration and fibrosis of the bronchial walls, 
with macrophage discharge into the bronchial 
lumina. 

The intratracheal introduction of tremo- 
lite fibers 20u to 50u long produces marked 
disease rapidly and extensively. Within one 
month the guinea pigs show complex masses 
of tremolite fibers trapped within the bronchi 
and bronchioles. There is considerable bron- 
chiectasia and distortion, with peribronchial 
fibrosis and cicatrization. Many of the long 
fibers may be observed to have penetrated 
into the walls of the respiratory passages 
(Fig. 4). At the end of 18 months the result- 
ant lesion is a marked fibrocellular diffuse 
pneumonitis, with marked bronchiectasia and 
epithelial destruction (Fig. 5) and vascular 
and perivascular damage (Fig. 6). This ex- 
tensive lesion is directly comparable to the 
mature human lesion and is even replete with 
tremolite bodies, i. e., tremolite fibers sur- 
rounded by a brown iron-containing protein 
sheath, showing typical terminal clubbing 
and some measure of segmentation where it 
covers the shaft of the tremolite fiber. Many 
metaplastic cells are also found among the 
macrophages (Fig. 7). There is also a char- 
acteristic pleural and subpleural fibrocellular 
reaction (Fig. 8). 

When particulate tremolite (3 and less in 
size) is mixed with quartz dust of the same 
size range in a ratio of 13:7 and introduced 
into guinea pigs by the intratracheal route, 
the immediate effect is much greater than 
that observed with either the tremolite or the 
quartz alone. A permanent lesion comparable 
to that which may be expected with quartz 
alone is, however, not established. Apparently 
the healing process, seen when tremolite 
alone is introduced, also mitigates the quartz 
effect. Within the first month there is an 
exuberant koniophore and multinucleated 
giant-cell reaction which obliterates all sem- 
blance of preexisting pulmonary cytoarchitec- 
tonics around the bronchioles. Many of the 
trapped bronchioles are distended and dis- 
torted, with epithelial desquamation and pro- 
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Fig. 4—Pulmonary effects of tremolite fibers 204 to 504 long injected intratracheally 
(Experiment 995—guinea pig lung: reaction one month after injection). 4, bronchiole choked 
with fibers and debris, showing breakdown of its wall and peribronchiolar cellular reaction in 
relation to trapped tremolite fibers. B, high-power view of parenchymal pulmonary reaction, 
showing tremolite fibers, macrophages, fibrocytes, plasma cells, and occasional lymphocytes. 


Fig. 5.—Pulmonary effects of tremolite fibers 204 to 50 long injected intratracheally 
(Experiment 995—guinea pig lung: reaction 18 months after injection). 4, interstitial pulmonary 
fibrosis, with prevalent cellular elements and trapped tremolite fibers. B, distortion, distention, 
partial mucosal hypertrophy, partial epithelial desquamation, and peribronchiolar fibrosis. 
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Fig. 6.—Vascular damage caused by tremolite fibers 20u to 504 long (Experiment 995—guinea 
pig lung: reaction 18 months after injection). A, periarteriolar fibrosis; fibers sparsely present. 
B, venule almost completely obliterated by fibrotic reaction around trapped fibers. 


Fig. 7—Fate of tremolite fibers 204 to 50# long in lung tissue (Experiment 995—guinea pig 
lung: result 18 months after injection). 4, tremolite fiber engulfed by macrophages with com- 
mencing clubbing of the fiber ends. B, birefringence of trapped fibers, some intracellular and 
some extracellular. 
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Fig. 8.—Pulmonary effects of tremolite fibers 
to long (Experiment 995—guinea pig lung: 
result 18 months after injection). Pleural sclerosis 
and subpleural dominantly cellular reaction around 
tremolite fibers. 


liferation. Foci of necrosis are present, and 
fibrosis is commencing at the periphery. The 
majority of alveolar walls are infiltrated with 
macrophages, and there is some perilym- 
phatic koniophore accumulation as well. 

At the end of the first year there has been 
a measure of recovery from the initial exag- 
gerated reaction. Foci of massed koniophores 
may still be found, but there is very little 
reaction around these cells. Necrosis is still 
seen at some areas. Small lymphocytic 
sheaths accompany some of the bronchioles 
and arterioles, and the bronchiolar epithelium 
has recovered in large measure. 

Antho phyllite —The intravenous introduc- 
tion of particulate anthophyllite (less than 3, 
in size) produces minimal pulmonary lesions 
only in rabbits. The lesions are limited to 
macrophage proliferation and plasma cell 
accumulation at pericapillary and_ intra- 
alveolar sites, and the reaction should be 
classified as inert. 


TISSUE 


An intratracheal introduction of antho- 
phyllite in this particle-size range was per- 
formed in spite of the essentially negative 
At the end of the first 
month areas of intramural and intra-alveolar 
Most of these 
are dust-filled macrophages, but there are 


intravenous result. 
cellular accumulation occur. 


several eosinophiles among them. After one 
year areas of irregular fibrosis may be seen 
to surround distorted and distended bronchi- 
oles. Numerous areas of bronchiolar epi- 
thelial desquamation with necrotic cellular 
plugs in the lumina may be found. There 
are also massed peribronchiolar accumula- 
tions of koniophores with commencing inter- 
stitial fibrosis. 

The effects of the introduction of antho- 
phyllite fibers in the less than 20m length 
range are comparable to the effects produced 
by the 3u particles, with the exception that 
fewer macrophage masses are formed at 
points distant from the bronchioles. There is 
a greater tendency also for diffuse alveolar 
wall thickening through cellular infiltration 
and a higher proportion of fibrocytes to 
macrophages where cellular reactions are 
provoked, especially in the peribronchial tis- 
sues. The birefringent particles all seem to 
lie in relation to the fibrocytes. Bronchiolec- 
tasia and catarrhal bronchiolitis reach a some- 
what more advanced degree (Fig. 9). 

The long-fiber anthophyllite (20p to 
has an enhanced and even more rapidly in- 
jurious effect on the guinea pig lung. Within 
one month it produces a marked and exten- 
sive focal peribronchial fibrotic and cellular 
reaction, consisting mainly of macrophages. 
fibrocytes, and eosinophiles with areas of 
lymphocytosis ( Fig. 10). Anthophyllite fibers 
and spicules are embedded within these cells, 
and some may be partly engulfed by giant 
cells. Bronchitis 
and bronchiolitis with distortion and disten- 
tion are present, and the lumina of such pas- 
sages contain necrotic cellular debris. At the 
end of 12 months a more advanced stage of 
essentially the same lesion may be seen, with, 


Areas of necrosis occur. 


however, more central and irregular fibrosis 
within the nodules of reaction. There is now 
some bronchiolar stenosis as well as ectasia. 
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Fig. 9.—Pulmonary lesions caused by anthophyllite fibers less than 204 long (Experiment 
885—guinea pig lung: result 12 months after injection). 4, mixture of dust-filled macrophages, 
fibrocytes, occasional plasma cells, and collagen strands. B, bronchiolectasia within an area of 
fibrocellular reaction; multiple evaginations create a cystic effect. 


When anthophyllite fibers and quartz are 
mixed with each other in a ratio of 11:9 and 
introduced into guinea pigs, a marked sub- 
pleural cellular reaction, confluent mural 
proliferations, and perivascular cellular accu- 
mulations may be found within one month. 
Solid foci of macrophages occur, and there 
is commencing distention and distortion of 


Fig. 10—Pulmonary effect of anthophyllite fibers 
20% to 50” long injected intratracheally (Experi- 
ment 993—guinea pig lung: reaction one month 
after injection). Section shows rapid degeneration 
of bronchiole, peribronchiolar dominantly cellular 
deposit in relation to trapped fibers, but failure to 
involve the lymph node. 


bronchioles. By the end of a year the lungs 
are occupied by multiple masses of cellu- 
lar reaction consisting mainly of fibrocytes, 
though some macrophages are still present. 
Advanced multilocular bronchiectasia may be 
found within these cellular zones. An inter- 
esting feature of the reaction, which shows 
forcibly the modifying influence of the an- 
thophyllite on the quartz, is the fact that, 
though such cell masses may encroach on and 
surround the lymphoid nodules, they do not 
involve them. Small foci of acellular necrosis 
occur in some of the larger cell masses, but 
there is no distinctive tendency to fibrosis, 
such as may be seen in a pure quartz lesion 
at a comparable stage. 

COMBINED EFFECT OF 
ANTHOPHYLLITE, 


TREMOLITE, 
AND TALC 

The purpose of this experiment was to at- 
tempt to define the relative influence of 
quartz on a mixture of components which 
simulates the natural tale product mined in 
upper New York State. The study was there- 
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fore conducted in two stages, viz., with and 
without the quartz. 

When no quartz is included, the initial 
reaction to tale, tremolite, and anthophyllite 
is very mild. At the end of one month there 
is slight bronchiolar epithelial catarrh and 
some plasma cell infiltration into the bronchi- 
olar mucosa. Isolated small foci of dust-filled 
macrophages may be found. At the end of a 
year the area of reaction around the pig- 
mented macrophages is somewhat more ex- 
tensive and includes some capillary hyper- 
emia. Such areas may occur in relation to 
the bronchioles and subpleurally. A _ little 
bronchiolar distention and distortion may be 
seen, 

The addition of 14% quartz to the talc, 
tremolite, and anthophyllite mixture rapidly 
provokes massive focal lesions consisting of 
macrophages and fibrocytes with scattered 
giant cells. Multiple foci of diffuse alveolar 
wall thickening due to macrophage invasion 
and septal cell proliferation also occur. In 
the air passages there are incipient epithelial 
hyperplasia and submucosal plasma cell or 
lymphocytic infiltration. At the end of a year 
this exuberant cellular response still persists, 
but fibrocyte accumulation is limited almost 
to being a fringe phenomenon. The distor- 
tion and distention of the bronchioles and 
epithelial catarrh have also progressed some- 
what, but the degree to which this has oc- 
curred is by no means comparable to the 
lesions which may be provoked by either 
long-fiber tremolite or anthophyllite alone. 


COMMENT 


Though one must acknowledge at the out- 
set the limitations of the techniques em- 
ploved in this series of experiments, the 
diversified results obtained, not only by ex- 
ploiting different minerals but also through 
modifying their particle sizes or varying the 
route of introduction or the species of experi- 
mental animal, justify the inference that at 
least some progress has been made in eluci- 
dating the role played by components of com- 
mercial tale in producing disease and the 
mechanisms by which the terminal results 
are achieved. 


TISSUE 


Thus it seems that the basic reaction to 
the presence of any of these dusts is a macro- 
phage catarrh into the alveoli, the cells be- 
coming engorged with large particles so 
rapidly that they remain immobilized and fail, 
except in rare instances, either to return to 
the tissues or to be extruded from the lung 
via the respiratory passages. It is possible 
that this is merely a mechanical result due 
to their large size. On the other hand, it is 
possible that the koniophores are actually 
paralyzed. They certainly do not tend to 
undergo necrosis; nor are collagen or other 
types of fibrous elements stimulated to invade 
the cell masses in the majority of instances, 
except when the component fibers are long. 

The degree to which fibrosis supervenes 
depends on the length of fibers rather than 
on their chemical composition. Thus when 
the minerals have been reduced to 2 and 
less in maximal dimension, they have 
practically no fibrogenic effect. On the other 
hand, the 20 to 50» length tremolite and 
anthophyllite fibers produce extensive re- 
gional fibrosis. Unfortunately tale could not 
be obtained in this fibrous form, so that it 
is not certain whether this rule applies to 
tale also. It was observed, however, that talc 
evokes fibrocytes, but the presence of these 
cells does not tend readily to lead to collagen 
deposition. 

Attention must be drawn to the triple 
localization of the lesions produced by tale, 
tremolite, or anthophyllite, namely, at peri- 
vascular, peribronchiolar, and subpleural or 
pleural sites. In addition, cellular accumula- 
tions having no such apparent topographical 
relation to the blood vessels, air passages, or 
pleura may occur. It is possible, however. 
that these macules are merely examples of 
the standard lesion cut at a tangent. The 
lymphatic tissue escapes almost entirely, and 
alveolar walls are not affected except near 
the focal deposits or when quartz is present 
too. 

The marked tendency to bronchiolar dis- 
tention and distortion is readily explained 
when large masses of sharp elongated fibers 
are trapped within the bronchioles or when 
there are extensive peribronchiolar cellular 
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masses of fibrotic cicatrization. The mecha- 
nism is less readily apparent when such obvi- 
ous causes are in abeyance. The mineral par- 
ticles could not be readily demonstrated in 
the bronchial wall except when advanced 
disease was present. On the other hand, it 
must be granted that we do not yet know the 
lower size range of particles of those min- 
erals which may be active. 

The lack of secondary infection in spite of 
the marked pulmonary changes observed is 
remarkable. Unfortunately the study was not 
elaborated to include observations on the 
influence of the talc minerals on the course 
of tuberculosis. Such a project would be 
worth pursuing in view of the conflicting 
reports concerning the prevalence of tubercu- 
losis among human tale victims. It would, 
however, involve a costly inhalation study. 

Contrary to expectation, the addition of 
quartz did not materially enhance the patho- 
genicity of the talc minerals. Indeed, there 
seems to be some indication that the fibro- 
genic effect of the quartz is reduced by the 
presence of talc in particular. This may be 
explicable on the supposition that if all the 
koniophores are effectively occupied and 
immobilized by the tale the quartz cannot 
influence them to the contrary and thus does 
not truly enter the body, remaining trapped 
in the koniophores lying in alveoli and thus 
truly still outside the body. The lack of a 
lymphoid tissue response favors such a simple 
and mechanistic explanation. On the other 
hand, the difference in reaction may be more 
subtle and dependent on chemical or physical 
interaction between the quartz and the other 
minerals. 

While there are these evidences of oppos- 
ing or inhibiting actions, and, as has been 
shown, they are not limited to quartz, there 
is also some suggestion that in certain com- 
binations separate components may augment 
one another. This applies particularly to the 
combination of quartz with tremolite or an- 
thophyllite. 

The successful experimental production of 
a tremolite body provides strong evidence 
that the bodies found in human “talcosis”’ ? 
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are truly provoked by the tremolite com- 
ponent of the talc dust. Comparable bodies 
were not demonstrable in the anthophyllite 
series. There is, therefore, more than length 
of fiber required to cause them to develop. 

This feature firmly links the animal path- 
ology to the human disease. Indeed, this 
series of experiments elucidates most satis- 
factorily the nature of the human talcotic 
reaction and the factors responsible for its 
production. At the same time it sheds further 
light on the asbestos problem while confirm- 
ing certain observations previously recorded 
concerning silicosis. Furthermore, the rela- 
tive immunity shown by certain animal types 
serves to confirm the general concept of vari- 
able susceptibility of man and animals to 
disease. 

SUMMARY 


The pulmonary response of rabbit, rat, and 
guinea pig lungs to dolomite, serpentine, talc, 
tremolite, anthophyllite, and quartz, either 
separately or in combination, was explored 
by the intravenous and intratracheal tech- 
niques. 

Dolomite and serpentine are relatively 
inert. 

While talc is dominantly cytogenic, tremo- 
lite and anthophyllite have both cytogenic 
and fibrogenic propensities. 

Quartz modifies the effects of these sub- 
stances. 

The effects of these substances are differ- 
ent from the effects of the 
combination acting singly. 

Talc, tremolite, and anthophyllite all tend 
to damage the smaller respiratory passages 
and blood vessels to a variable degree. 

The long tremolite and anthophyllite fibers 
produce rapid and grave peribronchiolar le- 
sions. 
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The Biological Effects of 
Gypsum Dust 


An Experimental Study on Animal Lungs 


G. W. H. SCHEPERS, M.D., D.Sc. 

T. M. DURKAN, M.E. 

and 

A. B. DELAHANT, Saranac Lake, N. Y. 


Studies dealing with the biological effects 
of calcined gypsum dust on experimental 
animals were initiated at The Saranac Labo- 
ratory during 1933 by the late Leroy U. 
Gardner, M.D., Director. Although the in- 
vestigations were pursued over many subse- 
quent years, only partial accounts of the 
results have been published thus far.* Car- 
ried along by the momentum of a succession 
Dr. 
Gardner had to divide his time among many 


of studies of increasing importance, 
investigations, and his ambitiously planned 
monograph on The Saranac Laboratory ex- 
periments with calcined gypsum dust  re- 
mained unwritten. 

In the present paper the results of a com- 
prehensive series of long-term inhalation ex- 
periments, with the conduct of which two 
of us (T. M. D. and A. B. D.) were inti- 
mately concerned, will be recorded. Owing 
to the broad range of the experimental pro- 


gram, the paper must necessarily be limited 


to the presentation of an over-all survey of 
the investigations. More detailed treatment 
of individual histological aspects will be given 


Recorded for publication July 15, 1955. 

Director (Dr. Schepers), Associate Director 
(Mr. Durkan), and Research Associate (Mr. Dela- 
hant), The Saranac Laboratory. 
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in subsequent papers. Effort has been made 
to avoid repetition of what has already been 
placed on record by Gardner, and though for 
the sake of completeness and logic reference 
has to be made to such matter, most of the 
material now presented will appear for the 
first time, and the interpretation of experi- 
mental records and slides are our own. 


MATERIALS 


The calcined gypsum used in the experiments 
was the standard product of plaster mills and, 
being a commercial material, varied somewhat in 
composition from time to time. The following ap- 
proximate estimate of composition and particle-size 
range refers to the product received during the 
early part of the experimental studies; for material 
forwarded later the per cent of hemihydrate was 
higher and of calcite, lower : 


Approximate 
Particle Size 
Per Range, Average, 
Component Cent 
Hemihydrate CaSO,4-% H20.. 70 1—75 5 
Anhydrite CaSO. ............. 10 1—40 4 
15 1—20 9 
“Dead-burned gypsum” ...... 3 1—30 3 
MgCOs | 
AleOs } 
“Caleined gypsum” .......... 100 1—40 5 


The quartz was a commercial product supplied as a 
finely ground powder with an SiOz content which 
exceeded 99%. The tubercle bacilli used for the 
infection phase of the study were of the R: low- 
virulence human strain whose tuberculogenic pro- 
pensities and cultural characteristics 
well documented. 


have been 


SCOPE OF EXPERIMENTS 
The present report will deal with the re- 
sults obtained in inhalation experiments in 


+ References 5 and 6. 
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which guinea pigs were exposed to dust 
under various environmental conditions, as 
follows: 


Calcined gypsum dust for 24 months. 

Calcined gypsum dust for 24 months and then 
normal air for 22 months. 

Calcined gypsum dust for 24 months and then 
quartz dust for 18 months. 


Quartz dust (comparison) for 18 months. 

Calcined gypsum dust for three weeks and then, 
alternately, quartz dust for one week and 
calcined gypsum dust for the next week, with 
a continuation of this program of alternating 
weekly exposures for 24 months. 

Mixed dust composed of equal parts of calcined 
gypsum dust and quartz dust for 25 months. 

Mixed dust composed of equal parts of calcined 
gypsum dust and quartz dust for 25 months and 
then normal air for 12 months. 

Mixed dust composed of two parts of calcined 
gypsum dust and one part of quartz dust for 
29 months. 

Calcined gypsum dust for 6 months, then infec- 
tion with R, tubercle bacilli, and then calcined 
gypsum dust for 18 months more. 

Calcined gypsum dust for 25 months, then infec- 
tion with R, tubercle bacilli, and then normal 
air for 12 months. 


Mixed dust composed of equal parts of calcined 
gypsum dust and quartz dust for 3 months, 
then infection with R, tubercle bacilli, and then 
the mixed dust for 27 months more. 


Infection control R; tubercle bacilli for 22 months. 


EXPERIMENTAL TECHNIQUES 


The inhalation experiments were conducted in 
8 ft. cubical rooms. The animals, kept in cages 
along the sides of the room, were exposed to the 
aerosol for eight hours a day, five and one-half days 
a week. During such periods a rotating paddle 
device created and maintained in the room an 
atmospheric suspension of the dust under study. 
For the rest of the time the air in the room was 
free of any substantial amount of dust. Periodically, 
in most cases at intervals of a few months, animals 
were killed for study, so that the progression of 
any tissue reaction to the dust or to any infection 
given to the animals could be closely followed. 
Chemical analyses to estimate the amount of dust 
retained in the lungs were carried out on some 
animals. 

During each experiment the dust concentration 
was checked frequently by the impinger method. 

Infection by the R, strain of tubercle bacilli was 
achieved by means of the intratracheal insufflation 
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technique perfected in The Saranac Laboratory.? 
Each animal received 6 puffs of the atomizer from 
a suspension of R: tubercle bacilli containing 15 to 
20 single organisms per oil-immersion field. 


1. EXPOSURE TO CALCINED GYPSUM 
DUST ALONE 

The results of this experiment on 21 nor- 
mal uninfected guinea pigs have been sum- 
marized in Table 1. The guinea pigs were 
exposed to only calcined gypsum dust. For 
the entire exposure period the average dust 
concentration was 448,000,000 particles per 
cubic foot of air. The guinea pigs were ex- 
posed to the dust for periods up to 24 
months, animals being sampled at various 
intervals. At the end of 24 months the sur- 
viving animals were removed from dust and 
transferred to a normal atmosphere to con- 
stitute the second part of this experiment. 
Some of this group lived as long as 22 
months aiter the termination of the dust ex- 
posure, and samples were taken at 3-month 
intervals during this period. 

Twelve of the twenty-one guinea pigs died 
of pneumonia or other pulmonary lesions. 
This mortality trend was widely dispersed 
over the whole experimental period. Deaths 
were slightly commoner in the earlier months 
but perhaps not significantly so. It would 
seem that the death rate of 28.5% per annum 
was slightly high. The mortality trend in 
guinea pigs in one of The Saranac Labo- 
ratory experiments with a comparatively 
inert amorphous silicate dust was about 22% 
per annum. The fact, however, that all 
deaths in the experiment with calcined 
gypsum were from respiratory causes may 
be meaningful. 

In spite of these observations no signifi- 
cant gross signs of pulmonary disease mani- 
fested themselves, and no nodular or diffuse 
pneumoconiosis ensued. In isolated ani- 
mals pigmentation commenced to appear 
toward the end of 10 months, and minute 
foci of atelectasis could be seen. After a 
year of dust exposure a minimal amount of 
pigmentation became an almost constant 
sign, and atelectasis was more frequently 
observed. The microscopic counterparts of 
these features will be described in further 
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TABLE 1.—Biological Action 
Guinea Pigs Were Continuously Exposed 


Exposure 

Guinea to Dust, Cause 
Pig, No. Days Fate of Death 
553-28 4 Died Pneumonia 
69 Died Pneumonia 

82 263 Died Pneumonia 
81 284 Died Pneumonia 
64 285 Died Pneumonia 

63 300 Died Pneumonia 
44 312 Died Pneumonia 

2 373 Killed 
70 374 Died Pneumonia 

43 426 

61 475 Died Pleurisy 

47 610 | 

55 688 Died Pulmonary 

abseess 
76 715 Died Pneumonia 
45 725 Died Pneumonia 

46) 732 Kille@ 
Symbols: +, slight reaction; ++, moderate reaction; + 


detail later, but in summary it may be stated 
that although a diffuse cellular reaction ulti- 
mately ensued no fibrosis attended this 
process. 

The lymph nodes showed irregular en- 
largement of a moderate degree, character- 
ized by growth of the follicles more particu- 
larly. Only rarely could pigmentation be 
seen. There were no signs of degeneration, 


necrosis, or fibrosis. 


TABLE 2.—Biological Action 


Guinea Pigs Were Continuously Exposed by Inhalation to the Dust for Twenty-Four Months 


Exposure 


Guinea to Dust, Cause 


Pig, No Days Fate of Death mentation Atelectasis mentation Nodes 
553-54 22 + 
22 Killed + TT 
| of Died + 
44 Died (%) + 
46 Died Pneumonia ee 
77 47 Died Pneumonia > 
killed > 


GYPSUM 


DUST 


of Calcined Gypsum Dust 
by Inhalation to the Dust Until Death 


Tissue Reaction in 


Lungs Pulmonary Lymph Nodes 


Foeal Pig- Focal Pig- Enlarged 
mentation Atelectasis mentation Nodes 
+ + 
ee 
+ 
+ 


, advanced reaction. 


Ten guinea pigs were left in normal air 
for periods up to 22 months after they had 
been exposed for 24+ months in the calcined 
gypsum dust chamber. Only four of the 
animals died naturally, and in only two of 
them was pneumonia the cause (Table 2). 
Pigmentation persisted in the majority, but 
atelectasis soon disappeared though diffuse 
cellular proliferation could still be seen. In 
the lymph nodes a low-grade chronic inflam- 


of Calcined Gypsum Dust 


Tissue Reaction in 
Pulmonary Lymph Nodes 


Foeal Pig- 


Lungs 


Foeal Pig- Enlarged 


Symbols: +, slight reaction; ++, moderate reaction; 


, advanced reaction, 


a 
7 
4 
and Then Were Transferred to Normal Air Where They Remained Until Death { 
g 
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matory reaction developed during the first 
two months the animals were in normal air, 
but during subsequent months this sign re- 
ceded. Similar observations have, on occa- 
sion, been made on adult guinea pigs never 
intentionally exposed to dust. Until the pre- 
cise and specific underlying histopathologic 
mechanism is appreciated in the case of the 
gypsum-exposed guinea pigs, the significance 
of the occurrence of these lymph node 
changes may be missed. 


A. M. A. 
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The results of this: study are given in 
Table 3. It will be observed that only four 
of the animals died spontaneously. This rate 
of 23% for an 18-month period is actually 
lower than the average mortality trend of 
21% per annum in our dusting experiments 
with an inert amorphous silicate. This virtu- 
ally suggests that the gypsum exerts some 
measure of protection against the action of 
quartz. It must be recalled, though, that 
these animals represented the hardiest speci- 


TaBLE 3.—Combined Biological Action of Calcined Gypsum Dust and Quarts Dust 


Guinea Pigs Were Exposed by Inhalation to C 


alcined Gypsum Dust for Twenty-Four Months 


and Thereafter to Quartz Dust Until Death 


Sur- 
vival Microscopie Evidence of Pneumoconiosis Reaction in Pulmonary Lymph Nodes 
Guinea Quartz Cellular Degeneration Degeneration 
Pig, Dust, Cause Pigmen- Atelec-  Infil- Enlarge- Pigmen- 
No. Days Fate of Death tation tasis tration Fibrotic Necrotic ment tation Hyaline Necrotic 

553-60 3® Died ? + 

57 123 ++ ++ +++ 

65 134 Died Pneumonia 

«2 184 ++ 

7 245 Killed ...... 

67 301 Died ? ++ + és ++ 

68 366 ere ++ + + + + 

69 366 =6Killed __ ++ + ++ ++ 

73 487 Pneumonia +4 + ++ + 


Symbols: +, slight reaction; ++, moderate reaction; 


2. EXPOSURE TO CALCINED GYPSUM DUST FOR 
TWENTY-FOUR MONTHS FOLLOWED BY PRO- 
LONGED EXPOSURE TO QUARTZ DUST 


In order to determine whether a prolonged 
period of exposure to calcined gypsum dust 
would modify the usual harmful effects of 
any quartz dust which might be inhaled later, 
an inhalation experiment to investigate this 
question was conducted. A group of 17 
guinea pigs, after being exposed to a calcined 
gypsum aerosol for 24 months, was trans- 
ferred to another room in which they in- 
haled a quartz aerosol for periods up to 
18 months. The average value for the num- 
ber of particles per cubic foot of air was 
448,000,000 for the calcined gypsum dust and 
120,000,000 for the quartz dust. 
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mens that survived the two years of gypsum 
exposure, and so protection may be only 
illusory. 

That the gypsum does have a protective 
influence, however, is revealed by a study 
of the pulmonary tissue reaction. While 
pigmentation increased progressively, even- 
tually attaining a geometric pattern and 
finally producing mustard-colored patches, it, 
nevertheless, was not as extreme as the pig- 
mentation which occurs in animals exposed 
to quartz dust only. 

Atelectasis was present in animals in the 
earlier phases of the quartz-dusting period 
and disappeared toward the end of the ex- 
periment. The atelectasis thus may have 
been a perpetuation of that seen in the later 


BIOLOGICAL EFFECT OF CALCINED 
phases of the experiment with calcined gyp- 
sum dust alone. 

Consolidation, dominantly cellular in type, 
appeared toward the latter part of the quartz- 
dusting phase. From about 10 months on- 
ward, areas of cellular infiltration could be 
found. Strands of fibrous tissue appeared 
among these areas toward the end of the 
12th month. Except in the guinea pig killed 
last of all, this fibrosis remained moderate 
in degree throughout the period of study. 
In this animal and in that one preceding it in 
the series, some abscess formation could be 


TABLE 4.—Biological 


GYPSUM DUST 


changes and necrosis appeared first toward 
the eighth month and became increasingly 
more prevalent later. 

Associated with these parenchymal pul- 
monary changes there was a marked catar- 
thal bronchiolitis in the quartz-exposed 
animals which was not seen in those which 
had first been exposed to calcined gypsum 
dust. The lymph nodes likewise showed a 
considerably enhanced and early expansion 
in the silicotic control guinea pigs, with 
progressive fibrosis and ultimate hyalini- 
zation. 


Action of Quarts Dust 


Control Study: Uninfected Guinea Pigs Exposed by Inhalation to Quartz Dust 
Alone Until Death 


Tissue Reaction in 
Pulmonary Lymph Node 


Gross Evidence of Silicosis Microscopie Evidence of Silicosis —— ERATE 

Guinea Expo- Pleural Cellular Degeneration phage Degeneration 
Pig, sure, Pigmen- Adhe- Pleural Bronchio- Infil- — —  Infil- 
No. Days Fate tation sions Plaques litis tration Fibrous Hyaline Necrotie tration Fibrous Hyaline 
602-44 63 k + + + 

3 123 kK +4 + + + 
2 1s4 K + + ++ oa +44 
9 306 kK + + > 
6 366 kK +> ai + ++ +++ ++ ++ ++ ++ 
8 498 K ++ + ++ +++ ++ 
Symbols: +, slight reaction; ++, moderate reaction; +++, advanced reaction. 
seen. Necrosis was, however, conspicuous This comparison suggests that the prior 


by its absence in earlier phases. No hyaline 
changes occurred in the lungs. 

The lymph showed 
moderate enlargement only, with no tendency 
to increase in size toward the end of the 
experiment. Pigmentation remained minimal, 


pulmonary nodes 


but some hyaline fibrosis occurred toward 
the 14th month and in some instances was 
preceded by isolated areas of necrosis. 
These changes are the more sharply shown 
to be indicative of the protective action of 
the gypsum when Tables 3 and 4 are com- 
pared. In the latter table, representing the 
control group exposed to quartz dust only, 
cellular infiltrates are recorded as having 
appeared within two months and were quite 
marked by the eighth month. Fibrosis could 
be discerned within 4 months, and it in- 
creased progressively, reaching a marked 


degree toward the 10th month. Hyaline 


inhalation of calcined gypsum dust not only 
retards the onset of the major effects of 
inhaled quartz dust by at least six months 
but also materially diminishes the degree 
to which they evolve and modifies the nature 
of the reaction to the quartz dust. 

3. ALTERNATING WEEKLY EXPOSURE TO 
QUARTZ DUST AND TO CALCINED 
GYPSUM DUST 

In the preceding study the guinea pigs 
inhaled calcined gypsum dust alone for a 
long period and then quartz dust alone dur- 
ing the remaining time they resided in the 
dust chamber. Some of the protective action 
of gypsum against quartz could, in theory 
perhaps, be explained on the basis of selec- 
tion, for it must be recalled that quartz dust- 
ing was commenced only after 24 months 
of residence in an environment containing 
calcined gypsum dust in atmospheric suspen- 
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sion, and after the weaker guinea pigs had 
died off. 

A group of 10 guinea pigs was therefore 
exposed to calcined gypsum dust for three 
weeks and thereafter alternately to quartz 
dust for one week and to calcined gypsum 
dust for the next week. During each weekly 
period the animals were exposed to the dust 
for about 8 hours per day for five days and 
about 4+ hours on the sixth day, or a total 
of 44 hours per week. This alternating 
weekly routine was kept up for two years. 
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the second year of exposure. The pulmonary 
lymph nodes likewise showed the same pat- 
tern of reaction as that which occurs in the 
silicotic guinea pig. 

Unfortunately, animals were not killed 
prior to the eighth month ; hence it is possible 
that a measure of early protection was ex- 
erted by the gypsum. The degree of reaction 
seen in the animal accidentally killed after 
three months was, however, less than that 
found in the quartz-exposed animal at two 
months, and at the eighth month the animal 


TaBLe 5.—Combined Biological Action of Calcined Gypsum Dust and Quartz Dust 
Guinea Pigs Were Exposed by Inhalation to Calcined Gypsum Dust for Three Weeks and 
Thereafter Were Exposed Alternately to Calcined Gypsum Dust and to Quartz 


Dust for a Week at a Time Until Death 


Microscopie Evidence of Pneumoconiosis 


Reaction in Pulmonary 
Lymph Nodes 


sure Cellular Degeneration Degeneration 
Guinea to Infiltration — Cellular — —, 
Pig, Dust, Cause Bronchi- — “~ —s Hya- Ne- Infil- Ne- 
No. Days Fate of Death olitis Focal Diffuse Fibrous line crotie tration Fibrous Hyaline crotic 
553-13 96 D Trauma 
8 264 + > 
14. 381 D Chronie +++ ++ + ++ 
pneumonia 
12 389 D Chronie +++ ++ +++ ++ a ++ +++ +++ 
pneumonia 
ll 394 D Chronie ++ ++ es +44 
pneumonia 
9 395 D Chronic ++4++4+ + +. 
pleurisy 
15 426 +++ +++ +++ +++ + 


During this period the average concentration 
of the calcined gypsum dust was about 
448,000,000 and of the quartz dust about 
128,000,000 particles per cubic foot of air. 
The results of the experiment are summa- 
rized in Table 5. 

Four of the ten animals died of pulmonary 
causes toward the end of the first year, and 
the close grouping of these deaths suggests 
an intercurrent infection. The total pulmo- 
nary reaction was not unlike that seen in 
the animals exposed to quartz only (Table 
4). Marked bronchiolitis was a prominent 
feature near the end of the first 12 months. 
Cellular infiltrates appeared focally and dif- 
fusely, and degenerative changes followed 
rapidly and reached a marked degree during 
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from the latter group showed a considerably 
greater degree of pulmonary and hilar node 
reaction than that observed in animals ex- 
posed to calcined gypsum dust for a com- 
parable period. 

The point which has not been settled by 
this study is whether this slight retardation 
of the pneumoconiotic response was due to 
the fact that the animals received a_ total 
dust load about half as great as that which 
the animals inhaled in the control experi- 
ment with quartz dust only. By comparison 
with the preceding experiment it would 
seem too that any inhibitory action which 
the gypsum may possess is not so much 
dependent on the concurrent presence of 
the gypsum and quartz in the lung tissue 
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BIOLOGICAL EFFECT OF CALCINED 
as on the biological responses induced by 
the gypsum. 

4. EXPOSURE TO A MIXTURE OF EQUAL PARTS 
OF CALCINED GYPSUM DUST AND 
QUARTZ DUST 

Another aspect of the possible protective 
action of calcined gypsum dust was investi- 
gated in an experiment conducted with a 
mixture of equal parts (by volume) of 
calcined gypsum dust and quartz dust. A 
group of 35 guinea pigs was exposed to this 
mixed dust for periods up to 24 months, and 
at the end of that time 15 surviving animals 
were transferred to a normal atmosphere 
where they lived for periods up to 7 months. 
The average dust concentration of the mixed 
dust during the experiment was 318,000,000 
particles per cubic foot of air, and the aver- 
age concentration of the quartz particles 
in the mixture, determined by using dilute 
acid as a collecting fluid in the impinger 
flasks, was estimated to be about 124,000,000. 

Although the material in the dusting 
machine was composed of approximately 
equal parts of quartz and calcined gypsum, 
that ratio was somewhat different for the 
aerosol derived from the mixture. Table 6 
shows that the amount of quartz was less 
and the amount of gypsum greater in the 
atmospheric dust than in the parent mixture 
from which the aerosol was derived. For 
dust that had settled on top of the animal 
cages, the situation was reversed, and for 
this settled material the quartz content was 
higher and the gypsum content lower. This 


TABLE 6.—Composition of Aerosol and of Settled 
Dust in Comparison with Parent Hopper 
Mixture Which Was Composed of Equal 
Volumes of Calcined Gypsum Dust 
and Quartz Dust 
All Samples Were Dried at 110 C Before Analysis 


Settled Aerosol 
Hopper Duston Top _ Inside 
Mixture, of Cages, Cages, 
Component Per Cent Per Cent Per Cent 
49.7 53.7 28.3 
MeCOs 3.6 3.2 2.7 
Fe2Os, AleOs ........ 0.6 0.9 0.8 
Ignition loss ........ 0.9 5.2 94 
100.6 100.5 100.6 


GYPSUM 


DUST 


condition was probably due in part to the 
and _ therefore 
rapid settling rate, of the quartz particles. 


larger average size, more 
The results derived from this study are 
summarized in Table 7. Once again it was 
found that more than one-half (in this study 
55%) of the animals died of pulmonary 
causes, the majority of these succumbing 
within the earlier phase of the experiment. 
In spite of this, there was very little evidence 
of a pneumoconiotic response before about 
the 15th month. From that stage on the total 
reaction was that of a dominantly cellular dif- 
fuse reaction. Atelectasis was a conspicuous 
feature in one instance, and bronchiolitis oc- 
curred in two later cases. But both fibrosis 
and necrosis were in abeyance until about the 
19th month of exposure and even then re- 
mained limited in their extent or intensity. 
The lymph likewise 
showed but minimal reaction. Though they 


pulmonary nodes 
exhibited a uniform tendency toward mod- 
erate enlargement, degenerative changes, such 
as fibrosis, hyalinization, and necrosis, en- 
sued in but a few cases and to a minimal de- 
gree only. 

The concurrent exposure to gypsum and 
quartz, therefore, appeared to have retarded 
and modified the influence of the quartz on 
the guinea pig lung. 

When the 15 surviving animals were re- 
stored to normal air after a full 24-monti 
period of residence in the gypsum quartz dust 
environment, the high rate of pulmonary 
deaths continued ( Table 8). Over the nearly 
eight-month period of survival, 53% of the 
animals died of pulmonary causes. At the time 
of their death, the majority suffered from a 
chronic pneumonia which was partly based on 
the diffuse cellular quartz-induced infiltrates 
in the pulmonary parenchyma. At the same 
time there was a very marked type of fibrotic 
response, with hyaline changes in some 
instances. Unlike in the frankly silicotic cases, 
however, there was but little tendency toward 
necrosis, though a dust-engendered abscess 
was found in at least one instance toward the 
end of the experiment. The pulmonary lymph 
nodes were moderately enlarged and the seat 
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TaBLe 7.—Combined Biological Action of Calcined Gypsum Dust and Quartz Dust 


Guinea Pigs Continuously Exposed by Inhalation Until Death to an Aerosol Derived from a 
Mixture of Calcined Gypsum Dust and Quartz Dust in Equal Proportions 


Microscopie Evidence ef Pneumoconiosis 


Reaction in Pulmonary 
Lymph Nodes 


Expo- 
sure Cellular Degeneration Macro- Degeneration 
Guinea to Cause Infiltration phage — 
Pig, Dust, of Bronchi- Atelee- - ~~ —— Ne- Infil- Hya- Ne- 
No. Days Fate Death olitis tasis Focal Diffuse Fibrous erotic tration Fibrous line  crotie 

560-23 9 Died Pneumonia ae ++ .- 

31 20 Pneumonia 

49 187 Died Pneumonia 

26 223 Died ? + 

33 229 Died Pneumonia 4- 

27 282 ai 

56-442 Died Empyema +++ ++ 

24 451 Died Pneumonia +H + 

2 465 t+ + ++ 

28 465 +++ + ++ 

30 468 Died Pneumonia ++ + + + 

43 487 Died Empyema +++ ne +++ a% 

39 493 Killed + ++ 

47 44 Died Empyema ++ + + 

32 496 Died Empyema +++ TT 

44 518 Killed ++ ++ 

54 543 ++ ++ ++ ee ea ++ 

35 690 el +++ +++ + + TT ++ 


Symbols: +, slight reaction; ++, moderate reaction; +++, advanced reaction. 


of moderate to marked diffuse hyalinization 
in the majority of cases. 

It would seem, therefore, that the concur- 
rent inhalation of the calcined gypsum and 
quartz dust, though retarding the mitigating 


effects of the latter as long as exposure is 
actively continued, ultimately leaves the lung 
tissue diffusely vulnerable to the effects of the 
quartz dust. Apparently after the exposed 
animals have resided for a period in normal 


TaBLe 8.—Combined Biological Action of Calcined Gypsum Dust and Quartz Dust 
Guinea Pigs Were Exposed by Inhalation for Twenty-Four Months to an Aerosol Derived 
from a Mixture of Calcined Gypsum Dust and Quartz Dust in Equal Parts 
and Were Thereafter Kept in Normal Air Until Death 


Sur- 
vival Reaction in Pulmonary 
After Microscopie Evidence of Pneumoconiosis Lymph Nodes 
Dust Cellular Degeneration Degeneration 
Guinea Expo Cause Pulmo- Infiltration 
Pig, sure of nary Atelee- Hya- Enlarge- Ne- 
No. Days Fate Death Abscess tasis Foeal Diffuse Fibrous line crosis ment Hyaline crotie 
560-36 33 + + 
53 33 ++ ++ + +4 
41 48 Died Pneumonia t4+ +++ ++ + + ++ + 
40 73 Died Pleurisy + 
48 76 Died Pneumonia + +44 +++ ++ ++ +++ 
52 105 Died Pneumonia ++ +++ ++ - ++ 
37 114 Died Pulmonary ++ +++ ++ ++ 
abscess 
38 118 Died Pneumonia t+t+ +++ ++ +++ 
45 119 Died Pneumonia +++ +++ ° ++ +++ 
42 120 +++ ++ +++ 
+ +++ 4+ ++ ++ 
50 227 Killed ++ +4 + ++ + 


Symbols: +, slight reaction; ++, moderate reaction; +++, advanced reaction. 
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air, the protective action of the gypsum is 
withdrawn and the quartz particles then exert 
their usual harmful effect. The quartz and 
gypsum also appear to have been carried to 
the lymph nodes at a differential rate which 
favored the hyalinizing action of the quartz 
at these sites. 


5. EXPOSURE TO A MIXTURE OF TWO PARTS OF 
CALCINED GYPSUM DUST AND ONE 
PART OF QUARTZ DUST 

Since the experiment with a mixture of 
equal parts of quartz dust and calcined gyp- 
sum dust gave definite evidence of an early 
protective action of the gypsum, the observa- 
tions were checked by conducting another ex- 
periment in which a mixture of 2 parts (by 
volume) of the gypsum to 1 part of the 
quartz was used. It was found that on a 
weight basis the ratio was closer to 24%: 1. 
In the experiment with the 2:1 mixture, 64 
guinea pigs were exposed for periods up to 
29 months, and the average dust concentra- 
tion was 245,000,000 particles per cubic foot 
of air. As in the preceding experiment, the 
actual aerosol in the animal cages differed in 
composition from the hopper mixture, the 
ratio of calcined gypsum to quartz in the 
aerosol being approximately 3:1 (Table 9). 


TABLE 9.—Composition of Aerosol and of Settled 
Dust in Comparison with Parent Hopper 
Mixture Composed of Two Volumes of 
Calcined Gypsum Dust and One Vol- 
ume of Quarts Dust 
All Samples Were Dried at 100 C Before Analysis 


Settled Aerosol 
Hopper Dust on Top Inside 
Mixture, of Cages Cages, 
Components Per Cent Per Cent Per Cent 
31.4 35.4 17.7 
5.2 5.6 8.7 
Fe2Os, Al2Os ........ 0.5 0.7 0.9 
Ignition loss ......... 0.2 3.1 18.8 
99.7 100.0 100.2 


Of the 64 guinea pigs, 42% died of respi- 
ratory disease, in most cases of chronic pneu- 
monia. These deaths were, however, evenly 
distributed over the full 29-month period and 
may therefore be of reduced statistical sig- 
nificance (Table 10). In the majority of ani- 


mals that died of natural causes, distinct pig- 
mentation had developed, and bronchiolitis of 
a moderate degree was in evidence. The latte: 
condition may have been linked with the 
pneumonic process, as bronchiolitis was less 
common and less marked in those animals 
which were killed for sampling (Table 11). 

Focal cellular proliferation due to dust 
could be discerned from about the 10th month 
onward, and diffuse cellular infiltrations com- 
menced to appear after the 14th month. How- 
ever, except in isolated cases, collagen deposi- 
tion, hyalinization, and necrosis rarely were 
observed. Such degenerative changes were 
slightly commoner and more advanced in 
those animals that had died of pneumonia. 

The hilar lymph nodes likewise underwent 
enlargement, mainly from cellular prolifera- 
tion, with but moderate and considerably de- 
layed fibrous changes and necrosis in isolated 
instances only. 

It appears then that when the amount of 
quartz dust to which the animals were ex 
posed simultaneously with the calcined gyp- 
sum dust was reduced to about one-third the 
level introduced in the preceding experiment 
the fibrogenic and necrotizing influences of 
the quartz dust were materially inhibited 
despite prolonged exposure. Perhaps degen- 
erative changes might have ensued, as in the 
previous experiment, had the dusting been 
discontinued. 

To show that the animals had actually 
trapped quartz dust in their pulmonary tis- 
sues, the lungs of guinea pigs exposed to dust 
of the gypsum-quartz mixture and to quartz 
dust alone were analyzed for their silica 
content. The results obtained for the gyp- 
sum-quartz-exposed animals are contrasted 
with the findings for the quartz control series 
( Table 12). It will be observed that, although 
considerably less dust was retained in the 
lungs of the gypsum-quartz animals than was 
trapped in the tissues of the control animals, 
sufficient quartz accumulated in the lungs to 
have had some fibrogenic influence. It should 
be noted, however, that at the 24th month 
there was but little more quartz in the lung 
ash of the animals exposed to the mixed dust 
than there was at 8 months. At the 22-month 
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TABLE 10.—Combined Biological Action of Calcined Gypsum Dust and Quartz Dust 
Guinea Pigs Were Exposed by Inhalation to an Aerosol Derived from a Mixture of Two 
Volumes of Calcined Gypsum Dust and One Volume of Quartz Dust; 

Exposure Was Continuous Until Death 
Tabulation of Animals Which Died of Pneumonia or Other Natural Cause 
During Course of Exposure 


Microscopie Evidence of Pneumoconiosis Reaction in Pulmonary 
Expo- Cellular A 
sure Infiltration Degeneration Degeneration 
Guinea to Cause Pig- Bron- 
Pig, Dust, of men- chio- Atelec- Dif- Hya- Ne- Enlarge- Hya- Ne- 
No. Days Death tation litis tasis Focal fuse Fibrous line erotic ment Fibrous line crotie 
648-20 81 Pneumonia 
3 
pneumonia 
: 5 289 Chronic wi + 
pneumonia 
pneumonia 
= pneumonia 
2 66 399 Chronic + ee 
pneumonia ++ x an 
39 408 Chronic ++ ay oe ++ + + 
pneumonia 
i pneumonia 
35 411 Chronic ++ + + es 
pneumonia 
33 412 Chronic + ++ 
pneumonia 
51 414 Chronic ++ ++ + 
pneumonia 
52 415 Chronie ++ eo ++ + + + 
pneumonia ++ ++ +4 
42 417 Chronie aaa +4 + + + ++ 
pneumonia 
26 417 Chronic ++ ++ + + + ++ 
pneumonia 
19 420 Chronic ++ ++ + + 
pneumonia 
41 420 Chronic ++ ++ 
pneumonia 
5 423 Chronic ++ ++ ae ++ ++ +++ ++ 
pneumonia 
13 429 Chronie ++ ++ ++ + 
pneumonia 
61 439 Chronic ++ ++ +4 ++ + t+ 
pneumonia 
5 439 Abscess +4+4+ 44 +++ ++ + 
24 452 Chronic ++ ++ ad ++ 
pneumonia 
31 487 Abscess ++ ++ oe + ae +4 ++ 
16 513 Chronic ++ ++ + + ++ ++ 
pneumonia 
54 651 Chronie ++ 
pneumonia 
360 862 ? ++ + +++ + +++ + + + 


Symbols: +, slight reaction; ++, moderate reaction; +++, advanced reaction. 


period the animals which had breathed quartz ® EXPOSURE TO CALCINED GYPSUM DUST, THEN 


ust only had nearly three es a uc EITHER CONTINUATION OF THE DUST 


SiOz in their lung ash as had the animals EXPOSURE OR REMOVAL TO 
exposed to the mixed gypsum and quartz NORMAL AIR _ 
dust for the same period. We may, therefore, In this experiment, which was divided into 


not be dealing after all with any specific two parts, the effect of inhaled calcined gyp- 
inhibiting action against the effect of quartz Sum dust on a tuberculous infection was 
dust on tissue but merely with a reduction or Studied. In the first part, 20 guinea pigs, after 
dilution of the quartz component. having been exposed to the dust for 6 months, 
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TABLE 11.—Combined Biological Action of 


Guinea Pigs Exposed by Inhalation to an Aerosol Derived from a Mixture of Two Volumes 


GY 


PSUM DUST 


Calcined Gypsum Dust and Quartz Dust 


of Calcined Gypsum Dust and One Volume of Quartz 


Study of Animals Killed for Sampling 


Reaction in Pulmonary 
Lymph Nodes 


sure Cellular Degeneration Degeneration 
Pig, Dust, Pigmen- Bronchi- — Hya- Ne- Enlarge- Hya- Ne- 
No. Days tation olitis Focal Diffuse Fibrotie line erotic ment Fibrotie line  crotie 
648-58 147 re ae ee 
3,4 304 +--+ + + + ee as 
6 335 + + + ++ 
7, 8, 64 372 + + + ee ee 
9, 32 402 ++ + + + + +++ 
15, 43, 60, 37, 44, 38,62 420 ++ + + 
10 480 + Tr ++ + +++ + + 
11, 12, 14, 17, 18, 23 555 +++ + ++ ++ + +++ + + + 
27, 54, 50, 68 665 + +++ + + + 


Symbols: +, slight reaction; ++, moderate reaction; 


were infected with attenuated R, tubercle 
bacilli and thereafter immediately returned 
to the dust room for additional exposure, up 
to 18 months more. For the second part of 
the experiment, the preinfection period oi 
exposure to the dust was longer, namely, 25 
months instead of 6 months. After being in- 
fected, the 15 animals used were not returned 
to the dust room. Instead, they were trans- 
ferred to a normal environment and allowed 
to live there for periods as long as 18 months. 

As a control experiment, 12 guinea pigs 
were infected by R, bacilli but were not ex- 
posed to dust. 

The results of these studies are summarized 
in Tables 13 and 14. Before the influence o/ 
inhaled calcined gypsum dust or quartz dust 


+++, advanced reaction; A, atelectasis. 


on the course of experimental tuberculosis 
can be interpreted, the effect of R, tubercle 
bacilli on the guinea pig lung should be 
briefly reviewed (Table 15). 

It will be noted that, of the 12 animals in 
the control experiment (Table 15), 6 died 
within a 22-month period of observation. In 
all cases the deaths were due to pulmonary 
causes, and in at least one instance the cause 
was spreading cavitary tuberculosis. How- 
ever, only in this one case was there spread- 
ing tuberculosis. In all other instances there 
were either no signs of tuberculosis or but 
one to three small tubercles. In only four 
instances did these tubercles show any activ- 
ity. Tuberculosis was detectable in the pul- 
monary lymph nodes in one instance, but it 


TaBLE 12.—Ash and Silica Content of Lungs of Guinea Pigs After Exposure to Aerosols 


Composed, Respectively, of Calcined 


Gypsum Dust and Quartz Dust in a 


Ratio of 2:1 and of Quartz Dust Alone 
Gypsum: Quartz Quartz Control 
Silica Silica 
Exposure, Guinea Ash, % of % of Guinea Ash, % of % of 
Mo. Pig. No. Dried Lung Dried Lung % of Ash Pig, No. Dried Lung Dried Lung %.of Ash 
8 1,3 7.65 1.34 17.45 2 9.58 2.73 28.53 
ll 3, 4,6 7.80 0.95 12.64 11,6 12.34 5.57 45.13 
12 7,8 6.67 0.76 11.52 73, 57 12.01 5.50 45.77 
13 9 7.28 0.66 9.07 7 11.83 4.94 41.78 
16 11, 12, 13 4.91 0.81 16.47 24,18 9.59 3.80 32.75 
17 17, 18, 23 5.11 0.76 15.13 64 10.82 3.66 33.90 
22 5.14 0.72 13.97 58 10.72 4.22 39.39 


j 
Microscopic Evidence of Pneumoconiosis 
3 
iy 
= 
4 
24 22, 29, 30 5.59 1.07 18.87 oe 
we 
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TaBLE 13.—Influence of Calcined Gypsum Dust on the Course of Experimental Tuberculosis 
Guinea Pigs Were Exposed by Inhalation to Calcined Gypsum Dust for Six Months, Were 
Then Infected with R: Tubercle Bacilli, and Were Immediately Returned to the 
Dust Room for Continuation of Their Exposure to Dust Until Death 


Sur- Dissemination 
vival — 
After Tuberculosis Pulmo- 
Guinea Infee- +» inary 
: Pig, tion, Cause of Calecifi- Casea- Lymph 
7 No. Days Fate Death Healed cation Fibrosis Spread tion Cavity Nodes Liver Spleen 
32 258 D Tuberculosis ti +++ FT+ C++ C++ 
19 307 ++ + i sae 
23 386 D : +++ ++ FT++ FT++ FT 
30 393 D Pneumonia +++ FT++ FT++4+ ....... 
24 446 D +4 +4 + FCT 
27 482 D Pneumonia F+ 
41 505 + + wae” F+ 
31 553 D ? A - ++ t+ as ++ HF HF HF 


Symbols: C, caseation; F, fibrosis; FN, fibrous nodules; FT, fibrous tuberculosis; FCT, fibrocaseous tuberculosis; 
HF, hyaline chanve; N, necrosis; +, slight reaction; ++, moderate reaction; +++, advanced reaction. 


was inactive. In the guinea pig with spread- calcined gypsum dust for 6 months, infected, 
ing pulmonary tuberculosis, active tuber- and then further exposed to the gypsum dust 


4 culosis could be found not only in the hilar for an additional 18 months, only 9 of the 20 
i nodes but also in the spleen and liver. animals died spontaneously. Of these deaths, 
When the guinea pigs in one of the dusted only six were ascribed to pulmonary causes. 
= groups (Table 13) had been exposed to While signs of healing were in evidence in 
TaBLeE 14.—Influence of Calcined Gypsum Dust on the Course of Experimental Tuberculosis 
Guinea Pigs Were Exposed by Inhalation to Calcined Gypsum Dust for Twenty-Five Months, 
Infected with R: Tubercle Bacilli, and Transferred to Normal Air 
Dissemination 
Survival Pulmonary Tuberculosis Pulmo- 
Guinea After In- nary 
ad Pig, fection, Cause Healing Caleifi- Casea- Lymph 
ee No. Days Fate of Death Tubercles cation Fibrosis Spread tion Nodes Liver Spleen 
553-86 8 Died Pneumonia 
83 9 Died Pneumonia 2 a 
> 84 27 Died Pneumonia 3 be + is C+ oa 
85 61 25 + C++ C+ C+ 
89 185 1 +. F+ 
99 541 25 + +4 ++ 


: Symbols: C, easeation; F, fibrosis; PT, proliferative tubercle; +, slight reaction; ++, moderate reaction; +++, 
advanced reaction. 
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TABLE 15.—Fate of Guinea Pigs Infected with R, Tubercle Bacilli 


Control Study: 


Guinea Survival, 


Pig, No Days Fate Cause of Death Tu 
553-12 SY Died Pulmonary infaret 

11 Ys Died Pneumonia 

7 118 Died Acute congestion 

1 174 Died Pneumonia 

3 438 Died Pulmonary abscess 

9 58d Died Tuberculosis 

4 654 

654 Killed 


Symbols: +, slight reaction; ++, moderate 


most instances, in a few cases with asso- 
ciated calcification, spreads occurred in six 
instances; two cases developed cavitary 
tuberculosis and one died from this disease. 
Fibrosis was a prominent feature in a major- 
ity of instances, but caseation persisted in 
eight cases. The tuberculous process had, 
however, spread to the pulmonary lymph 
nodes, liver, and spleen but in most instances 
was partly healed. Caseation occurred in iso- 
lated instances, and fibrocaseous tuberculosis 
in one case. There was a higher proportion ot} 
nodules in the animals surviving longer, and 
in these there was also associated hyaline 
fibrosis. 

The 34% 


gypsum-dusted guinea pigs indicates a dis- 


occurrence of spreads in the 


TABLE 16.—Influence of Calcined Gypsum and Quartz Dust on the Course of 
Experimental Tuberculosis 


Guinea Pigs Were Exposed by Inhalation te 
Thereafter Alternately to Quartz Dust 


at a Time; After 171 Days Pigs Were Infected with R: Tubercle 


Survival 


After In- 
Guinea fection, Cause 
Pig, No. Days Fate of Death Spread 
553-4 101 Died Tuberculosis +++ 
6 255 +++ 
1 368 Died Chronie + 
pneumonia 
2 393 
3 405 Killed oveesses 


GYPSUM 


reaction; 


Pulmonary Tuberculosis 


DUST 


No Dust Exposure 


Pulmonary Tuberculosis Disseminated Tubereulosis 


Confluent Pulmonary 


Arrested Tubereu Lymph 
bereles Caseation losis Node Liver Spleen 
1 
6 
9 + 
3 (?) + 
(2) 
+ +++ 


advanced reaction. 


tinct excess over that which occurred in the 
control series (8.3%). However, it should 
be recalled that the control group was rela- 
tively small. Added to this tendency to spread, 
there were in the dusted animals the signs 
cavitation and fibrosis, and 
metastatic dissemination to the hilar nodes 


of caseation, 
and abdominal organs. All these changes in- 
dicate some stimulatory effect of the calcined 
the 
There was no indication, however, that the 


gypsum dust on tuberculous process. 
tuberculosis promoted any pneumoconiotic 
process. 

When the infection by means of the R, 
tubercle bacilli was initiated at the end of a 
25-month period of exposure to the calcined 


gypsum dust (Table 14), the influence of 


» Calcined Gypsum Dust for Three Weeks and 
and to Calcined Gypsum Dust for a Week 


Dissemination 


Pulmonary 
Lymph Nodes 


Tubereulo- Caleifi- Tubereu- 


Cavity silicosis cation losis Silicosis Liver 
+++ + ++ ++ TS+ 

++ ++ T+ 
+ +4+ + 44+ TH+ 
+ +++ ++ +++ 


T++ 


Symbols: TS, tuberculosilicosis; T, tuberculosis; S, silicosis; +, slight reaction; ++, moderate reaction; +++, 


advanced reaction. 
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the dust on the course of the infection was 
entirely benign. But 3 of the 15 animals died 
of pneumonia within the first month after 
infection and none thereafter. Mild spreads 
were found in six of the animals killed before 
the sixth month and none in the later stages. 
Caseation was found twice only in the lungs 
and twice also in pulmonary lymph nodes. 
Pulmonary fibrosis was quite common in the 
healing tubercles. No pneumoconiosis oc- 
curred. 

This study therefore indicates that the prior 
two-year period of inhalation of calcined gyp- 
sum dust modified the native susceptibility of 
the guinea pigs to the R, tubercle bacillus 
adversely, though not materially so. The 
localization of the lesions was affected, and 
for their normal tendency to heal by resolu- 
tion there was substituted a process of healing 
by fibrosis, with calcification in a few in- 
stances. 

7. ALTERNATE WEEKLY EXPOSURES TO CAL- 
CINED GYPSUM DUST AND TO QUARTZ 


DUST AND INFECTION WITH Ri 
TUBERCLE BACILLI 


In the first part of the third phase of the 
infection experiment, five guinea pigs were 
exposed alternately to quartz dust and to 
calcined gypsum dust for weekly sessions 
after a preliminary course of gypsum in- 
halation for three weeks. At the end of about 
6 months they were infected with R, tubercle 
bacilli, and the alternating quartz-and-gyp- 
sum regimen was continued for an additional 
period of 13% months. The results of this 
study are summarized in Table 16. 

Spreading and cavitary tuberculosis was 
rapidly induced in three specimens within 
the first year after infection, while tuber- 
culosilicosis within the pulmonary tissues 
dominated the scene, particularly in the later 
phases of the study. Foci of tuberculosis could 
be discerned in the liver, and silicotic nodules 
occurred in the hilar lymph nodes in all cases 
and once in the spleen. 

These results and their relatively prompt 
occurrence leave no doubt that alternating 
gypsum and quartz exposures influence the 
course of tuberculosis adversely. The result 
is greatly modified, however, by the degree 
to which silicosis develops concurrently. 
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In the second part of this experiment, 21 
guinea pigs were infected with R, tubercle 
bacilli after 3 months of exposure to an aero- 
sol derived from a mixture of equal parts of 
calcined gypsum and quartz, the dusting pro- 
cedure being continued for 27 months after 
the infection was initiated. Half of the ani- 
mals died from pneumonia during this pro- 
tracted period, the spontaneous deaths oc- 
curring slightly more frequently toward the 
end of the experiment (Table 17). 

Signs of pneumoconiosis were slow to de- 
velop, but from the 13th month after infection 
(16 months from the start of the dusting ) 
marked and diffuse cellular infiltration super- 
vened, with hyaline changes in many of these 
lungs. Pulmonary tuberculosis of a confluent 
type and of moderate extent made an early 
appearance and persisted throughout the long 
period of the study. Caseation, cavitation, or 
calcification, however, was limited to isolated 
instances, especially in the latter months of 
the study. 

The pulmonary lymph nodes showed an 
early tendency toward fibrosis and tuberculo- 
silicosis. Necrosis became a rather constant 
finding at a later stage. Necrotic foci occurred 
also in the liver, occasionally with tubercu- 
losis. Rather more commonly, tuberculous 
metastases were found in the spleen, and in 
a number of cases tuberculosilicosis likewise 
occurred in that organ. 


Once more, therefore, the concurrent ex- 
posure to quartz dust and calcined gypsum 
dust in equal proportions promotes the de- 
velopment of tuberculosis in the infected 
guinea pigs. However, the disease does not 
reach a destructive and fatal stage like that 
seen when the dust exposure is to quartz dust 
alone (Table 4). It will be observed from 
this record that exposure to quartz dust con- 
verts the infection with R, tubercle bacilli 
into a spreading tuberculous process asso- 
ciated with tuberculosilicosis and a high and 
early mortality rate. 


COMMENT 


Since in previous experiments the intraper- 
itoneal injection of even an excessive quan- 
tity of calcined gypsum particles did not pro- 
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GYPSUM DUST 


TABLE 17.—Influence of Calcined Gypsum Dust and Quartz Dust on the Course of 


Experimental 
Guinea Pigs Were Exposed by Inhalation for 


Tuberculosis 
Three Months to an Aerosol Derived from a 


Mixture of Equal Volumes of Calcined Gypsum Dust and Quartz Dust and 
Were Then Infected with R; Tubercle Bacilli; After Infection the 
Animals Were Immediately Returned to the Dust Room 
Where Their Dust Exposure Was Continued 


Pulmonary Tuberculosis Dissemination 
After Degeneration Pulmo- 
Guinea  Infee- Cause —~ Pneumoconiosis nary 
Pig, tion, of Con- Casea- ————7_ Lymph 
No. Days Fate Death fluence tion Hyaline Necrosis Focal Diffuse Node Liver Spleen 
18 287 D Pneumonia CL+ N+ 
1 359 +- + + ST+ 
2 359 +++ > ST++ 
15 368 D Pneumonia CL+ ST++ T+ 
13 399 +++ + on 
10 408 ++ + ae F+ 
3 428 ++ N++ T+ 
21 482 dD Pneumonia N+ F+ 
16 482 D Pneumonia CL+ F++ N+ TF+ 
6 508 +++ CL+4++ +++ ae N++ N+ TF+ 
19 510 D Pneumonia CA++ ea N++ T+ TF+ 
CL++ 
549 D Pneumonia +++ N+ T+ TF+ 
12 570 OA++ N+ N+ T+ 
8 618 D Pneumonia +++ H+ N+ T+ 
4 651 ++ oe os +++ F++ T+ 
20 800 D Pneumonia CL+ N++ T+ 


Symbols: +, slight reaction; ++, moderate reaction; +++, advanced reaction; CA, cavitation; CL, calcification; 
F, fibrosis; H, hyaline change; N, necrosis; ST, silicotubereulosis; T, tuberculosis; TF, tuberculous fibrosis. 


duce progressive fibrosis, it was anticipated 
that the inhalation of those particles would 
have no serious effect upon the lungs. That 
assumption has been verified by the studies 
reported in this paper. It has been demon- 
strated that the small increments of fine cal- 
cined gypsum particles inhaled into the lungs 
largely disappear, apparently as a result of 
solution in the tissues. Very little anatomic 
evidence of their presence can be discovered. 
Evidences of reaction in the fixed tissues of 
the lung are minimal, even after exposures 
to high concentrations for a period of two 
years. 

In the hilar lymph nodes, which must have 
received the greater part of the gypsum that 
was spirited away from the lung parenchyma 
in this series of guinea pigs, there is an almost 
specific pattern of reaction comprising medul- 
lary hyperplasia in the nodes and their fol- 


licles which is unaccompanied by any increase 


in the lymphoid tissue. Fibrosis was, however, 
conspicuous by its absence. 

It is to be hoped that this interesting find- 
ing may mean that it would be inconceivable 
that the inhalation of calcined gypsum dust 
will produce significant reactions in otherwise 
healthy lungs of industrial personnel, perhaps 
even regardless of atmospheric concentra- 
tions. This circumstance would therefore con- 
clusively eliminate calcined gypsum per se 
as the cause of the pulmonary lesions which 
have already been reported in respect of 
deceased gypsum-industry employes.* 

It is difficult to evaluate the high pneu- 
monia rate in these guinea pigs. By compari- 
in The 
Saranac Laboratory, it is excessive (Table 
18). However, these latter investigations 
have been conducted in more recent years 
when it has been possible to control epizootics 
more effectively by ultraviolet-light radiation 
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TABLE 18.—Comparison of Number of Spontaneous 
Deaths of Guinea Pigs in Inhalation 
Experiments with Various Dusts 


Animals 

Exposed Animals Mortality 

to Dust, Found Rate, 

Kind of Dust No. Dead, No. Per Cent 

Amorphous Silica A....... 305 48 16 
Amorphous Siliea B....... 192 64 33 
Amorphous Silica C....... 209 44 21 
Amorphous Silica D....... 285 4 22 
Voleanic glass ............ 91 6 7 


and antibiotics. Perhaps no further attention 
need be given to the matter. However, the 
high pneumonia rates and the emphasis of 
this phenomenon on certain phases of the 
study suggest that the matter is at least worth 
further investigation. 

The experiments demonstrated that guinea 
pigs are protected against ordinarily danger- 
ous concentrations of quartz dust by the con- 
current presence of calcined gypsum dust in 
the same atmosphere. Under the conditions 
of the experiments, in which the ratio of 
quartz to gypsum was relatively high, the 
protection was not absolute or uniform for 
all the exposed animals. The protective action 
of the calcined gypsum completely prevented 
the development of fibrosis in the majority of 
cases and retarded or modified the character 
of the dust reaction in the remainder. The 
degree of protection was not defined wholly 
by the length of exposure but was affected to 
some extent by other factors not clearly 
understood. Sporadic cases of nodular fibrosis 
developed in some animals exposed for 
shorter periods than in other animals which 
failed to manifest this type of reaction. Pos- 
sibly host factors involving individual suscep- 
tibility were involved. 

The protection was most evident in respect 
to the degree to which the prevalence or 
severity of bronchiolitis was reduced in the 
animals exposed to both gypsum and quartz ; 
to the retardation of the pulmonary cellular 
reaction and the diminution of its extent; to 
the limited amount of fibrosis, hyalinization, 
or necrosis which ensued, and to the inhibi- 
tion of dissemination of the dust to abdominal 
organs and even to the regional lymph nodes. 
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Several possible explanations for this con- 
dition should be entertained. The first con- 
cerns the possibility of chemical or physical 
interaction between the gypsum and _ the 
quartz, either in the hopper mixture or even 
after deposition in the guinea pig tissues. 
Next should be considered the factor of bio- 
logical antagonism to quartz which may be 
induced by the gypsum. To these observa- 
tions should be added the fact that the dose 
of quartz was actually decreased through dilu- 
tion with the gypsum and that the quartz was 
administered to older guinea pigs and to the 
hardiest survivors of earlier phases of the 
experiment. It is even possible, though un- 
likely, that the quartz dust itself may have 
“aged” with the passage of time, thus not 
being quite as potent as at earlier phases of 
the experiment. 

The latter question cannot receive an 
answer until we have more information con- 
cerning the influence of aging of powdered 
quartz on its biological properties. The prob- 
lem whether quartz has a greater or a less 
propensity for damaging the tissues of older 
laboratory animals compared with its effects 
on the younger specimens usually selected for 
study has never been properly examined. 
Linked with this question is the possibility 
that mere survival against all the forces which 
naturally or artificially may tend to decimate 
the ranks of laboratory animals may signify 
a hardy stock perhaps also more resistant to 
quartz dust. There is no answer to this, but 
it should be entertained as one of the possible 
mechanisms which influenced the results in 
this investigation. 

The fact that the quartz dose was actually 
decreased through dilution may have rele- 
vance. Over the years, experiments with 
quartz dust have been carried out in The 
Saranac Laboratory in a great diversity of 
dosage levels. Except in extreme ranges of 
particle concentration, the tissue reaction to 
quartz does not vary too obviously. To be 
precise, however, no systematic body of 
knowledge exists to enable one to make com- 
parisons with complete assurance. The great 
differences observed in the present series of 
experiments suggest decidedly that the ex- 
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TaBLeE 19.—Effect of Varying the Amount of 
Gypsum on the Solubility of Particulate Quarts 
Suspended in a Buffer Solution 
Quartz Particle Size: lw to 3u 
3uffer Solution: HsBOs;-NaOH pH 6.90 


Incubation: 37 C for Twenty Hours 


Gypsum Inerease in 


Suspension, Soluble Si02, Soluble Si02, pH at End 

Mg. Mg / 100 Ce. Per Cent 20 Hr. 
0 0.55 6.70 
20 0.70 22.6 6.75 
50 0.76 36.9 6.75 
100 0.90 62.4 6.75 
500 1.25 122.7 6.75 
750 1.28 127.0 6.87 
1,000 1.38 144.4 6.95 
2,000 1.36 135.7 7.03 
3,000 1.30 116.8 7.05 
5,000 1,28 111.3 7.16 

Control: No quartz 

5,000 0.12 7.00 


planation does not rest merely with the ques- 
tion of dilution. In The Saranac Laboratory, 
experience has also been gained with dilution 
as a factor in relation to “inert” substances, 
such as iron oxide, and the results of these 
studies serve as further confirmation that the 
inhibition achieved by the calcined gypsum 
dust is real and not merely a function of 
quartz dosage. That the quartz dust actually 
did enter into the lung tissues in a dosage 
ratio bearing some relation to that according 
to which it was administered was adequately 
shown by the chemical analyses of guinea pig 
lungs recorded in Table 12. 

That the influence of the gypsum on the 
quartz may have been due to some form of 
physicochemical interaction is suggested by 
Tables 19 and 20 and the known fact that 
gypsum particles have a positive electrical 
charge while the charge of quartz particles is 
negative. In Table 19 it is shown that the 
presence of gypsum in a buffered solution 
increases the solubility of suspended quartz 
particles considerably without substantially 
changing the pH. Table 20 confirms the latter 
observation and shows that the presence of 
gypsum raises the pH of the solution mark- 
edly when 1% gypsum and 1% quartz are 
incubated together in a buffered solution at 
37 C for 24 hours. If the theory of Holt ® 
that silica exerts its necrotizing and _ fibro- 
genic action by virtue of silicic acid polymers, 


GYPSUM 


DUST 


which can form only in an acid pH range, 
be acceptable, the reduction in the influence 
of the quartz in the presence of gypsum may 
find an explanation. Such a chemical theory 
receives further confirmation from the obser- 
vation that when quartz and gypsum were 
administered in alternating weekly doses the 
resultant pneumoconiosis was much worse 
than when an equivalent amount of calcined 
gypsum dust was introduced into the guinea 
pig lungs simultaneously with the quartz 
dust. Owing to the apparently rapid elimina- 
tion of the gypsum and the tardiness with 
which koniophores make an appearance in 
response to its introduction, this would mean 
perhaps that in the alternating exposure ex- 
periment the gypsum had practically been 
eliminated at the end of 
that the quartz had an unimpeded oppor- 


ach week end, so 


tunity to act on the tissues in focal and later 
diffuse regions where a low pH prevailed. 
The elimination experiment in which the ani- 
mals were left in fresh air after a prolonged 
period of exposure to quartz dust and calcined 
gypsum dust also indicates the same chemical 
explanation. By the progressive loss of gyp- 
sum from the lungs, the local tissue pH could 
have been progressively reduced, thus liber- 
ating the full the 


quartz. The answer to these enigmata can 


action of accumulated 
come only through further research. 

That the total result may have been simply 
one of biologically antagonistic effects, of 
gypsum and quartz and even perhaps merely 
TaBLE 20.—Effect of pH Values on the 


Solubility of Particulate Quarts When Sus- 
pended with Calcined Gypsum im a 


Buffer Solution 
Quartz Particle Size: lu to 3u 
Buffer Solution: H;sBO,;-NaOH 


Incubation: 37 C for Twenty-Four Hours 


Suspension 
1% Quartz + 
0% Gypsum 


Suspension 

1% Quartz + 
1% Gypsum 

Buffer - A— 


Solu- Soluble Soluble 

tion, SiOe, pH After SiOe, pH After 
pH Mg 100 Ce. 24 Hr. Mg /100 Ce. 24 Hr. 
6.1 1.16 1.25 

7.1 0.28 6.65 1.50 6.55 
74 ).O4 6.94 1.75 6.60 
8.0 0.66 7.42 2.51 745 
90 1.62 2.10 8.32 
10.2 2.45 9.11 1.14 9.50 
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a matter of tissue or cellular competition can- 
not be dismissed as a possibility without due 
consideration. The paucity of koniophores in 
the gypsum-drenched lung may mean not 
only that calcined gypsum does not exert a 
chemotropism for these cells, such as quartz 
exerts markedly,’® but even that the presence 
of gypsum repels these cells. Silicosis does 
not ensue until quartz particles have been 
phagocytosed by the alveolar macrophages 
and transported to sites where their cumula- 
tive action can provoke local lesions. If gyp- 
sum blocks the approach of these cells, the 
quartz particles will simply not be picked up. 

It is possible too that the absence of alveo- 
lar macrophages in the early phase of the 
exposure to calcined gypsum dust may sig- 
nify merely that they do not need to enter 
the alveoli to ingest the gypsum. The latter, 
being somewhat soluble, could be picked up 
after penetration of the alveolar walls. As the 
gypsum is not likely to prove immediately 
toxic to the macrophages, there would be no 
barrier to their transportation to distant parts 
and disappearance from the lungs. In such 
circumstances they would not be available to 
pick up the quartz particles. 

The influence of flocculation on the accessi- 
bility of the quartz should also be examined 
It was shown by Gardner ‘ that when calcined 
gypsum dust and quartz dust are suspended 
in the dust room simultaneously there is a 
marked tendency to flocculation. Gardner 
suspected that this might prevent the actual 
inhalation of many of the suspended particles. 
However, his tabulation shows that more 
than 52% of the clumps measured less than 
5 in diameter. These would be respirable. 
What was not settled was whether these 
clumps of particles remained as aggregates 
even within the cells of the lung or lymph 
nodes. 

Biological antagonism naturally goes fur- 
ther than these simple mechanistic specula- 
tions. Until we know more about all these 
issues, we must keep an open mind about the 
possible antagonistic influences and even, par- 
haps, specific synergisms between calcined 
gypsum and quartz in terms of tissue and 
cellular enzyme and energy transfer systems. 
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A final point of direct practical application 
might be stressed here, namely, that where a 
series of pulmonary reactions do result when 
calcined gypsum and quartz are administered 
either together (successively, simultaneously, 
or alternatingly) or in conjunction with a 
tuberculous infection, the final histopatho- 
logical result achieved is not a mere quanti- 
tative expression of the relative component 
action of each of these three etiological agents 
but actually, in a sense, is a new type of lesion, 
a form of holistic synthesis. This is the prob- 
lem of the mixed pneumoconioses which are 
being encountered in increasing numbers in 
industry today. Their precise nature cannot 
be simply predicted by reference to the known 
properties of the separate component mineral 
substances. More research is needed about 
all these matters. 


SUMMARY 


In a series of long-term inhalation experi- 
ments, guinea pigs were exposed to calcined 
gypsum dust alone and to mixtures of quartz 
dust and calcined gypsum dust; in addition, 
the influence of the gypsum and of the gyp- 
sum mixed with quartz on the course of ex- 
perimental tuberculosis was studied. 

The effect of calcined gypsum dust on the 
lungs of guinea pigs exposed to the dust for 
two years was too insignificant to be classified 
as a pneumoconiosis. 

The presence of calcined gypsum dust in 
atmospheric suspensions with quartz dust 
offered to exposed guinea pigs a substantial 
degree of protection against the usual harm- 
ful effects of the quartz dust. The protection, 
however, was lost when the exposures ceased, 
enabling the gypsum to be removed from the 
lung tissue and liberating the full effect of the 
accumulated quartz. 

The inhalation of calcined gypsum dust 
alone influenced the course of experimental 
tuberculous infection in guinea pigs to a mod- 
erately disadvantageous degree only, mani- 
fested chiefly by interference with the process 
of healing after initial spread of the infection. 

The course of a tuberculous process in 
guinea pigs infected with R, tubercle bacilli 
was adversely affected to a slighter degree 
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BIOLOGICAL EFFECT OF CALCINED 
by exposure to a mixture of quartz dust and 
calcined gypsum dust than by exposure to 


quartz dust alone. 


Chemical analysis of lung tissues of guinea 
pigs that had been exposed to a mixture of 
quartz dust and calcined gypsum dust shows 
that the quartz is actually retained in the lung 
tissue but in less than half the concentration 
which may be achieved when the exposure 
has been to quartz dust only. 


The most likely explanation for the in- 
hibitory effect of calcined gypsum on quartz 
appears to be in the realm of physical chem- 
istry, though biochemical factors and bio- 
logical antagonism have not been excluded. 

Stanislaw P. Kaszer, M.E., E.E., Biostatistician, 


tabulated and analyzed the data from which Table 
18 was constructed. 


REFERENCES 
1. Annual Report of The Saranac Laboratory— 
1933, 1934, 1935, 1936, 1939. 


2. Third Symposium on Silicosis: Transcript 
of the Third Silicosis Symposium held at The 
Saranac Laboratory June 21 to 25, 1937. 


GYPSUM DUST 


3. Fourth Symposium on Silicosis: Transcript 
of the Fourth Silicosis Symposium held at The 


Saranac Laboratory June 19 to 23, 1939. 

4. Silicosis and Asbestosis, edited by A. J. 
Lanza, New York and London, Oxford University 
Press, 1938. 

5. Gardner, L. U.: History of the R: Strain of 
Tubercle Bacillus, Am. Rev. Tuberc. 25:577, 1932. 

6. Dowd, G. R.: Cultural Characteristics of the 
R: Strain of Tubercle Bacillus with Particular 
Reference to Dissociation, Am. Rev. Tuberc. 32:50, 
1935. 

7. Gardner, L. U., and Cummings, D. E.: 
Studies on Experimental Pneumonokoniosis: IV. 
Inhalation of Asbestos Dust: Its Effect upon Pri- 
mary Tuberculous Infection, J. Indust. Hyg. 13:65, 
1931. 

8. Schepers, G. W. H., and Durkan, T. M.: 
Pathological Study of the Effects of Inhaled 
Gypsum Dust on Human Lungs, A. M. A. Arch. 
Indust. Health 12:209, 1955. 

9. Holt, P. F., and Yates, D. M.: Studies on 
the Nature of Silicosis: The Polymerization of 
Silicic Acid Sols in Vivo, Brit. J. Exper. Path. 
35:52, 1954. 

10. Schepers, G. W. H.: Cytobiological Mani- 
festations of the Surface Properties of Quartz, 
A. M. A. Arch. Indust. Health, this issue, p. 266. 


a 
5 
3 
Pt 
4 


Effect of Hy drous 


An Experimental Study 


G. W. H. SCHEPERS, M.D., D.Sc. 

T. M, DURKAN, M.E. 

and 

A. B. DELAHANT, Saranac Lake, N. Y. 


Commercial hydrous calcium silicate is one 
of the products that have been studied by 
long-term inhalation experiments at The 
Saranac Laboratory. These studies were 
commenced in 1943 under the direction of 
Dr. L. U. Gardner and with the assistance of 
two of us (T. M. D. and A. B. D.) who car- 
ried the work to its completion after Dr. 
Gardner’s death. Guinea pigs, rats, and ham- 
sters were used, and the experiments were 
designed to reveal the nature of the pulmo- 
nary tissue reaction to inhaled dust of the 
material in normal animals and in those har- 
boring an experimentally induced tuberculous 
infection. 

From with other siliceous 
materials one would expect to find that a 
product composed only of calcium silicate 
would be relatively inert in its effect on 


experience 


tissue. Extensive clinical studies of industrial 
workers exposed to cement dust in high 
concentration have, for instance, shown that 
the effect of the inhaled dust of that material 
on the lungs is insignificant. Portland cement 
is composed principally of two calcium sili- 
cates, namely, dicalcium silicate and_tri- 
calcium silicate. Recognition must be given, 
however, to the possibility that any poten- 
Recorded for publication July 15, 1955. 

(Dr. Associate Director 
(Mr. Durkan), and Research Associate (Mr. Dela- 
hant), The Saranac Laboratory. 


Director, Schepers), 
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tially hazardous raw materials used to make 
a product might not be entirely converted 
to a nonhazardous form 
facturing 


during the manu- 
and, therefore, might 
appear to a greater or less extent in an 
unchanged condition in the final product. 
The clay and shale used in making cement 
often have a quartz content of 20% to 30% 
or more, but chemical reactions, occurring 
when the raw mixture is heated, convert 
practically all the hazardous free-silica min- 


process 


eral to a relatively harmless silicate. In most 
samples of cement the amount of quartz that 
has come through the manufacturing process 
unchanged is less than 0.1%. 

The hydrous calcium silicate product used 
in The Saranac Laboratory studies was made 
from calcium hydroxide and silica plus a 
moderate amount of which was 
incorporated in the mixture to impart cer- 
tain desirable physical properties to the fin- 
ished product. Analysis of one sample of this 


asbestos, 


finished product disclosed that approximately 
80% of the raw mixture had been converted 
to hydrous calcium silicate and that about 
15% (Table 1). 
About 1% quartz persisted in the final prod- 


Was magnesium silicate 


uct. Probably the greater part of the mag- 
nesium silicate was present as the fibrous 
mineral chrysotile, although a portion may 
have been in the form of serpentine, a min- 
eral similar to chrysotile in chemical compo- 
sition but one which is nonfibrous. 
EXPERIMENTAL METHOD 
To determine the effect of inhaled dust of the 


product on pulmonary tissue, an inhalation experi- 


ment was conducted. In that experiment groups 
of guinea pigs, rats, and hamsters were exposed 


in a cubical dust room, 8 ft. in dimension, in which 
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Pneumonia Pericarditis 
Ks Per Per 
Species No. Cent No. Cent 
51* 40.9 7 5.6 


EFFECT OF INHALED HYDROUS CALCIUM SILICATE 


Component Analysis Per Cent 


43.8 
3.8 
25.0 

99.7 


an atmospheric suspension of the hydrous calcium 
silicate product was created by the action of a 
paddle which rotated inside a hopper containing 
the material in finely divided form. The dust cloud 
generated in this manner floated out into the room 
where it was maintained for eight hours on five 
days of the week and for four hours on Saturdays. 
Some of the animals were exposed to the dust for 
periods as long as three years. At regular intervals 
during the experiment a few animals were killed, 
and the organs examined grossly and micro- 
scopically to determine the nature and the extent 
of the tissue reaction to the calcium silicate product. 
The tissue was also analyzed chemically to estimate 
the amount of the inhaled dust that was retained 
in the lungs of animals exposed for definite periods 
of time. Only guinea pigs were used in the studies 
dealing with infected animals. The R, low-virulence 
strain of the tubercle bacilli was introduced intra- 
tracheally by means of the insufflation technique. 

Dust counts of atmospheric samples collected in 
the dust room were made regularly by means of the 
midget impinger. The concentration of the hydrous 
calcium silicate aerosol to which the uninfected 
animals were exposed was generally within the 
range of 100,000,000 to 125,000,000 particles per 
cubic foot of air by light-field count, and the over- 
all average was 115,000,000. In the studies on in- 
fected animals the concentration was higher, the 
average being 205,000,000. 


Compound 
Hydrous ealeium s 


Caleium carbonate 


Magnesium silicate 


TABLE 1.—Composition of Commercial Hydrous Calcium Silicate 


Per Cent 
(Approx.) 


Analysis 


100 


EXPOSURE OF UNINFECTED ANIMALS 

Three species—guinea pig, rat, and ham- 
ster—were employed in this phase of the 
investigation. Summaries of the findings are 
given in Tables 2, 3, and 4. Attention should 
first be drawn to the relatively high mortality 
rate reflected in Table 2. That these deaths 
were due to intercurrent epizootic infection 
was almost certain in the case of the guinea 
pigs and is emphasized the more forcefully 
by the fact that the animals died not only 
of pneumonia but also of pericarditis, peri- 
tonitis, and cervical adenitis with abscess 
formation. That all the hamsters which died 
did so within the first year may also have 
some bearing on the question. In the case 
of the rats, on the contrary, no animals died 
within the first vear, and the rate at which 
animals succumbed increased with the pas- 
sage of time. In view of the progressive 
nature of the pulmonary disease which en- 
sued as a result of the exposure to the dust 
of the hydrous calcium silicate product, there 
is some presumptive evidence that the deaths 
and dust exposures bore some relation to 
each other in this instance. 


TaBLe 2.—Biological Action of Commercial Hydrous Calcium Silicate Dust 
Guinea Pigs, Hamsters, and Rats Were Exposed by Inhalation to an Aerosol of Commercial 


Hydrous Calcium Silicate Dust Until Death 
Record of Animals, Exposed to the Dust Alone, Which Died Spontaneously 


* 46.5% died within first year of experiment. 
+ 100.0% died within first year of experiment. 
$ 0.0% died within first year of experiment. 
§ Two deaths from other causes. 


Cause of Death 


Cervieal 


Peritonitis Adenitis Total 
Per Per Per 
No. Cent No. Cent No. Cent 
12 9.6 3 73 DRS 
128 60.0 
20 
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EFFECT OF INHALED HYDROUS CALCIUM SILICATE 


The three species of experimental animals 
reacted somewhat differently to the dust, 
though the difference was more one of degree 
than of quality. The most marked lesions were 
provoked in the guinea pigs, but this was 
probably largely due to the fact that dusting 
was carried on for a total of 36 months in 
the case of this species, while the procedure 
was terminated at the end of the 18th month 
in the case of the rats and hamsters. When 
cognizance is taken of this fact, it appears 
that, stage for stage, the latter two animal 
groups actually suffered greater pulmonary 
damage sooner than did the guinea pigs. 
This difference is brought out by a compari- 
son of Tables 3 and 4, in the construction 
of which the same scales of values were used. 

Pigmentation of the pulmonary tissue or 
of pulmonary lymph nodes never became 
prominent features in these animals. It in- 
creased diffusely as a light brown discolora- 
tion which was most marked along the 
anterior margins of the lungs in the guinea 
pigs. As it became macroscopically detectable 
at the 12th month of exposure only, its 
absence in the case of the rats or hamsters 
before the 18th month may have no true 
significance. It would seem that the pigment 
was almost entirely due to hemosiderin, as 
shown by Prussian blue staining. Pigmented 
koniophores and giant cells became a promi- 
nent feature toward the terminal phase of 
the experiment on guinea pigs, and clusters 
of such cells could even be found in rat lungs 
where they were grouped around the smaller 
blood vessels. 

Lymphoid hyperplasia was a prominent 
and persistent feature of the reaction in the 
guinea pigs. There was mild hyperplasia 
about the main bronchi in some of the rats, 
but this was not an impressive observation 
for this species. No lymphoid hyperplasia 
was seen in the hamsters. 

The hyperplasia consisted almost entirely 
of lymphoid cell proliferation without any 
evidence of central macrophage accumulation 
such as may occur as a result of exposure 
to certain amorphous siliceous dusts. Mostly 
the lymph deposits remained spherical in 
shape and were thus well defined from sur- 


rounding structures. Occasionally, however, 
there was some lymphoid invasion of the 
walls of adjacent alveoli. At a later stage 
macrophages tended to accumulate around 
these lymph foci. 

In spite of this tendency toward intra- 
pulmonary lymphoid hyperplasia, the pulmo- 
nary lymph nodes showed no consistent 
corresponding change. In some of the an- 
imals there was early lymphoid hyperplasia, 
but in the majority the nodes enlarged 
slightly or moderately only at the start. After 
the animals had been in the dust atmosphere 
for two years, the nodes became more con- 
sistently enlarged, and in the instances in 
which this occurred the cause was almost 
always infiltration of the medullary zones 
by macrophages, which no doubt migrated 
thence from the pulmonary tissues. The cor- 
tical follicles did not enlarge and often 
showed signs of atrophy. In both the rats 
and hamsters the reaction in the pulmonary 
lymph nodes was even less marked. 

Undoubtedly the most prominent lesion 
discovered in this series of animals was pres- 
ent as chronic bronchiolitis and bronchial 
ulceration, with emphasis on the former. The 
disease was progressive in nature and de- 
structive in its effects, although the tendency 
to epithelial desquamation, so characteristic 
of the reaction to quartz dust, was not 
present. 

The bronchiolar lesions commenced early 
in the guinea pigs and hamsters but were 
delayed in the rats. In neither of the latter 
groups were the severe grades of obliterative 
bronchiolitis or bronchiolitis deformans, 
which characterized the guinea pig response, 
observed. In the rat the stress was rather 
on bronchiolar ulceration and peribronchi- 
olitis. 

As the dusting proceeded beyond the first 
year of experiment, the inflammatory re- 
action in the bronchioles gave way to pro- 
gressive distention and distortion. This 
change was brought-into sharp focus by the 
increasing cellular deposits around the air 
passages. Toward the end of the second year 


the crenated outlines of the bronchiolar 
lumina were thrown into sharp relief by a 
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marked tendency to peribronchiolar atelec- 
tasis, with epithelialization of the walls of the 
shrinking alveoli and cellular infiltration 
among these minute cystic spaces. This 
change produced a microscopic sectional 
effect resembling multiple adenomatosis, but 
as there is no lack of differentiation of the 
cellular components, no neoplastic change 
could be postulated. This adenomatoid pat- 
tern was seen only in the guinea pigs, but 
as its evolution was in the nature of a de- 
layed phenomenon, it is possible that it would 
also have appeared in the rats and hamsters 
had exposure been continued in their cases 
beyond the 18th month. 


Phagocytosis of the inhaled dust could be 
demonstrated in all animals from the com- 
mencement of the experiment. It was most 
marked in the case of the guinea pigs and 
least prominent as a feature in the case of 
the hamsters. The phagocytes were domi- 
nantly mononuclear macrophages until about 
the end of the first year of the exposure 
when multinucleated giant cells commenced 
to be substituted in progressively greater 
numbers. At the same time these giant cells 
grew in size so that they often filled the 
alveoli completely, and toward the end of the 
third year of exposure the giant cells replaced 
the mononuclear cells almost completely, 
especially around the distorted bronchioles. 
As time passed, their cytoplasm became in- 
creasingly more acidophilic and their centers 
more charged with ingested particles. There 
was no evidence of necrosis of these cells, 
such as occurs in experiments with finely 
divided quartz dust and silica fume, which 
provoke similar giant cells. 

Interstitial cellular proliferation and infil- 
tration are a late sign in all three species. 
It commences first toward the end of the 
ninth month of exposure, and for the suc- 
ceeding six months it is almost entirely lim- 
ited to macrophage accumulations around 
smaller blood vessels and bronchioles, at the 
angles between adjacent alveoli, and in the 
interlobular septa. Among these macrophages 
may be found isolated eosinophiles and plas- 
macytes. Fibrocytes first make an appearance 
between the 15th and the 18th month of dust 
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inhalation, and soon after this strands of 
collagen may be perceived among the cells. 
Fibrosis proceeds slowly, however, before 
the end of the 30th month of dust exposure. 
Thereafter it is detectable in increasing 
amounts, particularly in relation to the ade- 
nomatoid areas around the bronchioles. 
Fibrosis also appears prominently in local 
areas of consolidation, which become pro- 
gressively commoner toward the end of the 
third year of exposure. In animals killed, 
respectively, at 33 and 36 months from the 
start of the dusting, extensive areas of lobu- 
lar consolidation could be found, and similar 
consolidation associated with cystic disten- 
tion of trapped bronchi could be seen in sev- 
eral of the rats killed at the 15- and 18-month 
periods. No acute inflammatory process was 
demonstrable to account for these results. 

Asbestos bodies of an elongated, slender, 
tapering, minute variety were demonstable 
by oil-immersion microscopy from about the 
15th month onward in rats and hamsters and 
from the 18th month onward in the guinea 
pig. Occasionally opaque clubbed — bodies 
could be found, but in most instances the 
bodies were difficult to bring into focus and 
tended to be curved and_ spindle-shaped. 
Often they were intracellular, being partly 
engulfed by one or more macrophages. None 
were found lying free within alveoli. They 
were so constantly found in association with 
the areas of fibrosis that the conclusion of a 
causal relationship between these phenomena 
is almost inescapable. 

Emphysema of the hypertrophic variety 
appeared as an early sign in the hamsters, 
in which it was present to a quite marked 
and widely distributed degree at the end of 
the 18 months of dust exposure. In the rats 
the lesions were also consistently present 
from an early stage but to a lower degree 
than in the hamsters. In the guinea pigs, on 
the contrary, hypertrophic emphysema was 
contrastingly absent during the first two 
years of the experiment. In the final 12 
months, compensatory emphysema was man- 
ifested as a prominent lesion silhouetted 
against the foci of cellular proliferation and 
peribronchiolar atelectasis. 
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Unlike in many other dust experiments, 
there was no marked tendency toward sub- 
pleural congregation of the hydrous calcium 
silicate dust. Consequently the reaction at 
this site was minimal and delayed. The most 
conspicuous changes occurred in the rats 
where there were occasional subpleural cellu- 
lar condensations and a recurrent tendency 
to the formation of interlobular adhesions. 
In some of the guinea pigs which outlasted 
three years of exposure to the dust, foci of 
subpleural cellular proliferation attended by 
giant-cell accumulation were demonstrable. 

The relatively marked macrophage infil- 
tration of the pulmonary lymph nodes con- 
trasted sharply with the paucity of giant cells 
among them, with the minimal amount of 
interstitial fibrosis which ensued, and with 
the absence of asbestos bodies. Periadenitis 
of a mild degree became a consistent finding 
in a majority of animals beyond the end of 
the first year of dust inhalation. Deposition 
of fibrous strands around the lymph nodes 
followed successive phases of afferent lym- 
phangiectasia and macrophage transportation 
along these channels, with littoral arrest of 
increasing numbers of these cells. 

The lack of fibrosis, except at sites where 
asbestos bodies occur with greatest preva- 
lence, is indeed remarkable, the more so 
when regard is had to the dense cellular in- 
filtrations which ultimately ensue. One is led 
to the conclusion, therefore, that the hydrous 
calcium silicate dust alone, except for its 
chrysotile 


component, is  nonfibrogenic 
db 


though it provokes a cellular reaction. 


EXPOSURE OF TUBERCULOUS ANIMALS 

There are three types, or phases, of in- 
vestigation that have been found invaluable 
for studying the effect of inhaled dust on the 
course of experimentally induced tuberculosis 
in animals. These three types of experiment 
are sometimes called the simultaneous phase, 
the reactivation phase, and the predisposi- 
tion phase. In the simultaneous phase, nor- 
mal animals are infected with attenuated 
tubercle bacilli of the R; strain by an inhala- 
tion method and then are immediately 
transferred to the dust room. Thus the tuber- 


CALCIUM 


SILICATE 


culous disease and the tissue reaction to the 
inhaled dust will develop simultaneously. 
In the reactivation-phase experiment, the 
animals, after being infected with the tubercle 
bacilli, are allowed to live in a normal at- 
mosphere for several months before being 
exposed to dust. During this period the 
tuberculous lesions generally regress, and 
in some instances complete healing by reso- 
lution may take place. Following this inter- 
val, the exposure of the animals to some 
usual 
course of the tuberculous process, and the 


dusts has no significant effect on the 


lesions continue to regress, while exposure 
to other dusts may cause the tuberculous 
process to become active and to spread. A 
predisposition-phase experiment is one in 
which animals are exposed to dust for several 
months, are then infected with the tubercle 
bacilli, and are immediately returned to the 
dust room where their exposure to dust is 
continued. In this phase the effect of a pre- 
vious dust exposure on the early course of 
a tuberculous process can be studied. 
SIMULTANEOUS PHASE: REACTION IN GUINEA 
Pics INFECTED WITH TUBERCLE BACILLI 
AT ONseT OF Dust INHALATION 

In the first experiment in which animals 
were infected with tubercle bacilli at the time 
that their exposure to the dust was started, 
25 guinea pigs were used, but an epidemic 
of pneumonia during the first 10 months re- 
duced to 16 the number of animals available 
for study. fourteen 
months, apparently from progressive tubercu- 


Two of these died at 


losis, and two others died from undetermined 
causes but not from tuberculosis. In the re- 
maining 12 animals the course of the tubercu- 
lous disease was followed by killing 1 or 2 
animals at 1, 6, 9, 12, 15, 18, and 24 months 
after infection. In 9 of the 25 animals the le- 
sions were multiple, isolated, and healed, 
often with central calcification. In six of 
the remaining animals the lesions were still 
circumscribed but showed neither a tendency 
to heal nor to spread even at the end of 18 
months. In six other animals there was a 
moderate tendency to local spread of the 


tuberculous process, while in the remaining 
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TaBLe 5.—Causes of Death in Guinea Pigs Exposed by Inhalation to Commercial Hydrous 
Calcium Silicate Dust and Also Infected with Tubercle Bacilli of the R: Strain 


Cause of Death 


Pneumonia 
Exposed ———~ 


Pericarditis 


Peritonitis 


Other Causes Total 
= 


Animals, Deaths, Per Deaths, Per Deaths, Per Deaths, Per Deaths, Per 


Type of Experiment No. No. Cent No. 
Simultaneous phase ......... 30 8 26.6 3 
Reactivation phase .......... 25 2 8.0 1 
Predisposition phase ........ 30 8 26.6 
Control: Group A 34 4 11.7 

25 3 12.0 1 


Cent No. Cent No. Cent No. Cent 


10.0 1 3.3 2 6.6 14 46.6 
4.0 1 4.0 4 16.0 
8 26.6 

4 11.7 

4.0 2 8.0 6 24.0 


animal, which was killed at 15 months, the 
lesions were widespread throughout the lung 
but fibrosis had been produced. In an at- 
tempt to develop a strain of guinea pig re- 
sistant to the infection that had caused the 
pneumonia, some of the animals were used 
for breeding during this experiment. The 
two animals that died from progressive tu- 
berculosis (at 14 months) and the single 
animal (killed at 15 months) that exhibited 


widespread lesions were all used as breeders 
during the experiment, as were also four 
other animals in the experiment, which had 
failed to show extensive disease. Owing to 
the element of uncertainty introduced by this 
factor of breeding, and also because of the 
high mortality from pneumonia and to verify 
the suggestive evidence of stimulating action 
of the inhaled dust upon tuberculosis, the 
experiment was repeated. 


TABLE 6.—Course of Tuberculosis Induced in Guinea Pigs by Infection with Tubercle Bacilli 
of the Strain 
Control Study: Infection Only; No Dust Exposure 


Pulmonary Lesions 


Reaction in Pulmonary 
Lymph Nodes 


After Arrested Spreading Tubercle Dissemination 
Guinea Infection, Tubercles, Tubercu- Casea- Calcifi- Enlarge- Forma- “HH 
Pig, No. Days Fate No. losis tion eation Pleuritis ment tion Liver Spleen 

45 Died 3 ae ee + be 
60 Killed 6 + ++ + T+ T+ 
Killed 15 oe + T+ T+ 
59 120 Killed 7 se 
Killed 4 +44 +4 T+ 
63 180 Killed 3 
200 Died 2 ++ + we 
61 Killed 0 ++ 
74 Killed 4 And + 
89 365 Killed 7 = + 
67) ao Killed 4 + 
69 450 Killed 3 odicks 
71 Killed 3 
Killed 3 ++ 
6 Killed 2 + 
7 Killed 5 es ° TT es 
7 Killed 2 ++ 
80 Killed 6 , oe ++ 
81} ...... 730 Killed 6 +4 
82 Killed 2 oe +e 
84 Killed 4 ++ 
85 Killed 3 te 


Symbols: +, slight reaction; ++, moderate reaction; +++, advaneed reaction; T, tubercle formation. 
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TaBLE 7.—Influence of Inhaled Commercial Hydrous Calcium Silicate Dust on the Course of 
Experimentally Induced Tuberculosis in Guinea Pigs 
Simultaneous Phase: Animals Received Their Tuberculous Infection and Started Their Period 
of Dust Exposure Simultaneously 


Pulmonary Lesions 


Dissemination 


Pulmonary 


Arrested Spreading 
Tubereles, Tuber- 
No. culosis 


Exposure 
to Dust, 
Days 


Guinea 
Pig, No. Fate 
Died 
Killed 
Died 
Died 
Killed 
Killed 
Died 
Died 
Died 
Killed 
Killed 
Died 
Died 
Died 
Killed 
Killed 
Died 
Killed 
Killed 
Died 
Died 
Killed 
Killed 
Died 
Died 
Died 
Died 
killed 
Killed 
Killed a+ 


vow 


Symbols: 
culosis. 


+, slight reaction; ++, moderate reaction; 


When conducted a second time, 30 guinea 
pigs, instead of 25, were used in this simul- 
taneous infection experiment. The animals 
were killed in pairs for study at 2, 4, 6, 8, 12, 
15, and 24 months after infection. Again the 
incidence of pneumonia was unusually high, 
six of the animals dying from that cause dur- 
ing the first 8 months of exposure and two 
more during the following 16 months. An 
additional three died of pericarditis, one of 
peritonitis, and two more of other causes 
(Table 5). This left a balance of 16 animals 
which were killed as planned. 

The results are assembled in Table 7 
which should be compared with the control 
study recorded in Table 6, in connection with 
which the same culture batch of tubercle 


Cavitation Pleuritis 


~ Lymph Nodes 
AW 
Enlarge- 
ment 


Tuber- 


culous Liver 


+ 


+++, marked reaction; F, fibrosis; N, necrosis; T, tuber- 


bacilli was used but the animals were not 
exposed to dust. 

As may be seen in Table 5, the mortality 
rate among the control group was but 11.7% 
as against the high rate of 46.6% found in 
the inhale 
dust. As these experiments were conducted 
simultaneously and in the same laboratory, 


animals which were caused to 


except that the animals receiving dust ex- 
posure were even better protected from out- 
side contacts, the different death rates may 
have some significance after all. 

The numbers of tubercles which developed 
in the control series did not differ materially 
from those which were discovered in the 
animals exposed to dust after infection. In 
one control animal there was a marked 
spread which caused the death of the guinea 
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pig. Massive caseating lesions were found 
in the lungs, the liver, and the spleen. It 
was suspected that this animal may have been 
accidentally infected with virulent human 
tubercle bacilli. Consequently, bacilli were 
recovered, cultured, and subinoculated into 
the groins of four healthy guinea pigs. These 
animals developed local abortive lesions char- 
acteristic of the R; bacillus, and no systemic 
tuberculosis ensued. By this study it was 
fairly satisfactorily demonstrated that Guinea 
Pig 73 was unduly susceptible to tuberculo- 
sis. 

In the guinea pigs which were caused to 
breathe the hydrous calcium silicate dust 
after infection, localized spreads of the tu- 
berculosis occurred in 13 out of the 30 cases. 
In four of these the tuberculous process was 
quite advanced, and in four others it was 
moderately marked at the time of autopsy. 
It should be noted too that five of these 
spreads occurred during the second year of 
the experiment, 1. e., long after the tubercles 
should have been arrested and healed. At- 
tention should also be drawn to the presence 
of cavitation within two tuberculous pneu- 
monic areas in Guinea Pig 25. 

Pleural adhesions of a chronic tough va- 
riety were also quite common in the animals 
receiving the dust exposure. The pulmonary 
lymph nodes showed a greater prevalence 
of late active tuberculous foci, such lesions in 
the control animals having usually disap- 
peared from the nodes before the end of the 
first year. 

From this simultaneous phase experiment 
it would seem, therefore, that the hydrous 
calcium silicate had a mild to moderately ad- 
verse effect on the course of the R, tubercle 
infection. 


REACTIVATION PHASE: COURSE OF TUBERCULOSIS 
IN GUINEA Pics WuHIcH WERE ExposED TO 
Hyprous Catcium SILicate Dust 
SEVERAL Montus AFTER INFECTION 
witH 

Infected guinea pigs were placed in the 
dust chambers at intervals of two months, 
i. e., 10 at two months, 8 at four months, and 
8 more at six months after infection. In 
order to follow the course of the tissue reac- 
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tion, a pair of animals of the first subgroup 
(two months in normal air) was killed after 
only 2 months of dust exposure, and, in ad- 
dition, animals from all groups were killed 
in pairs after 4, 8, and 12 months of exposure 
to the dust. Examination of the tissue of the 
dusted animals failed to reveal a significant 
reactivation of the tuberculous disease by the 
inhaled dust (Table 8). Only five animals 
showed evidence of spreading pulmonary tu- 
berculosis. In three the disease was minimal 
in extent, and in two others there was 
moderately extensive local spread. Casea- 
tion persisted in one animal to the end of a 
year, and slight to moderate foci of fibrosis 
could be discerned in a few animals, suggest- 
ing that not all the tubercles healed by resolu- 
tion. Chronic pleuritis and pleural adhesions 
were present in 10 of the guinea pigs, which 
was considerably in excess of what is cus- 
tomarily found in a typical reaction to the 
introduction of R, tubercle bacilli. Dissemin- 
ation of the tuberculous process to abdominal 
organs and to the pulmonary lymph nodes 
did not occur in any but exceptional cases. 
Guinea Pig 52 was probably one of these 
“sports.” The term “sport” is given to a 
guinea pig in which the inhalation infection 
with the attenuated bacilli is not confined 
principally to the lungs and pulmonary 
lymph nodes but extends also to other organs 
and produces in them tuberculous changes 
of sufficient extent to be recognized macro- 
scopically. Since “sports” represent a de- 
parture from the normal pattern of tissue 
reaction to attenuated tubercle bacilli, 
whether the infection is combined with dust 
exposure or not, such animals must be ex- 
cluded in assaying the effect of an inhaled 
dust upon a tuberculous infection. It is be- 
lieved that “sports” are animals whose na- 
tive resistance to the attenuated R, organ- 
ism is unusually low. Support for this beliet 
is given by experience with quartz dust, a 
definitely hazardous material which reacti- 
vates an inhalation infection produced by 
attenuated R, bacilli but ordinarily is not as- 
sociated with tuberculous extension to organs 
other than the lungs and pulmonary lymph 
nodes. 
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TaBLe 8.—Influence of Inhaled Commercial Hydrous Calcium Silicate Dust on the Course of 
Experimentally Induced Tuberculosis in Guinea Pigs 


SILICATE 


Reactivation Phase: Animals, After Receiving Their Tuberculous Infection Were Allowed to 
Live in a Normal Environment for a Period of Two to Six Months 


Spread- 
Arrested ing 
Tubereles, Tuber 


Exposure 
Guinea to Dust, 


Pig, No. 


Casea- 


Before They Were Exposed to 


Pulmonary Lesions 


Dust 


Dissemination 


Pulmonary 
Lymph Nodes 


Enlarge- 


Tuber- 


Days Fate No. culosis tion Fibrosis Pleuritis ment culosis Liver Spleen 
Exposure to Dust Was Started Two Months After Infection 
47 9 Died 5 + + > a ~ T+ T+ 
11 Died as + 
4 40 Died 2 + } 
31 60 Killed + 
3 120 Killed 3 
36 120 Killed 4 + + 
37 240 Killed 7 + 
38 240 Killed 2 +++ + + « 
365 Killed 19 + + 
365 killed 9 ++ ++ + 
Exposure to Dust Was Started Four Months After Infeetion 
45 120 Killed 2 + + 
4s 120 killed 2 ++ + 
41 240 killed 2 + 
42 240 killed 3 +++ + OZ 
43 365 Killed 2 t t 
it 365 killed 2 + 
Exposure to Dust Was Started Six Months After Infection 
19 117 Died a +--+ + 
50 120 killed 3 + a tH +t + as 
120 killed 7 as + T+++ 
53 240 Killed 1 ++ + 
54 240 killed 9 os ++ 
5d 365 killed ee os ee + TT 
56 365 Killed 5 ee ++ 


Symbols: +, slight; ++, moderate; +++, advanced; 


PREDISPOSITION 
Pics 


THREE Montus AFTER THEIR EXPOSURE 


PHASE: REACTION IN GUINEA 


INFECTED WITH TUBERCLE BACILLI 
to Dust Was STARTED 

An experiment of this type is a severe 
test, because a dust that is only very slightly 
toxic may produce tissue changes which, 
though minor in character, may be sufficient 
to alter profoundly the development of a 
fresh tuberculous infection. In this experi- 
ment, which was designed to study the ef- 
fect of the dust accumulated in the lung 
upon a newly developing tuberculous disease, 
30 guinea pigs were exposed to the dust for 
three months and then were infected with at- 
tenuated tubercle bacilli. The dust exposure 
was immediately resumed and carried on for 
another 21 months. 


The over-all death rate in this series of 
animals was relatively low (Table 5). It may 


T, tuberculosis. 


be of some significance that the majority of 
the eight animals that died from pneumonia 
did so during the latter half of the dusting 
phase. It is also significant perhaps that 
local and diffuse spreads of the tuberculous 
process had occurred most commonly in 
these animals prior to their terminal fatal 
illness, 

The prevalence of such spreads in this 
series of guinea pigs does indeed appear to 
be significant (Table 9). Six animals showed 
marked local or diffuse extension of the dis- 
ease, and in seven more this spread was of 
moderate severity. In an additional 9 cases 
there was slight spread of the process, so that 
a total of 22 animals reacted unfavorably. 
and 
pleural extension in 10 of the 30 guinea pigs. 


Cavitation occurred in 2 instances, 
One animal died from a pneumonic tubercu- 
lous process. 
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TABLE 9.—Influence of Inhaled Commercial Hydrous Calcium Silicate Dust on the Course of 
Experimentally Induced Tuberculosis in Guinea Pigs 


Predisposition Phase: Animals, After Being Exposed to the Dust for Three Months, Were 
Infected with Tubercle Bacilli of the R: Strain and Then Were Immediately Returned to 
the Dust Room Where Their Dust Exposure Was Continued Until Death 


Dissemination 
Further 
Exposure Pulmonary Lesions Pulmonary 
to Dust -- Lymph Nodes 
After Arrested Spreading 
Guinea Infection, Tubercles, Tuber- Cavita- Enlarge- Tuber- 
Pig, No. Days Fate No. culosis tion Pleuritis ment culosis Liver Spleen 
107 0 Killed + 
8 0 Killed 
9 0 Killed 
10 0 Killed 
11 0 Killed 
91 30 Died ale ++ A. 
92 60 Killed 17 
93 60 Killed 21 
120 Killed 16 ++ + 
95 120 Killed 14 + ++ + 
96 180 Killed 7 
97 180 Killed 11 ~ ry ee ++ + 
114 210 Died 6 +++ +4 
105 230 Died 3 ‘ 
112 240 Killed 6 a4 4. ide 
113 240 Killed 30 ++ + - 
98 300 Killed 2 ++ ++ 
106 300 Killed 3 ++ aa ++ +} T+ 
99 365 Killed 2 ++ ++4+4 + 
100 365 Killed 4 ee 
119 405 Died + + 
117 435 Died +++ +4 + 
104 465 Died + ++ 
118 480 Killed + + 
120 480 Killed os ++ +4 + + 
101 630 Killed 4 + re + 
102 630 killed 5 44 
116 630 Killed 3 ~ ++ if. +4. 


Symbols: +, slight or incipient reaction; ++, moderate reaction; +++, marked reaction; T, tuberculosis. 


It is of interest to note that the extension 
of the disease was almost entirely confined 
to the pulmonary tissues, tuberculous foci 
being detected in the spleen of one animal 
only. The reaction in the pulmonary lymph 
nodes was not of a significant nature or de- 
gree. 

These findings indicate that a tuberculous 
infection which originates in guinea pigs 
several months after a prolonged exposure 
of the animals to dust of the hydrous calcium 
silicate product was initiated may be unfa- 
vorably influenced by the inhaled dust. A 
separate control experiment was set up, us- 
ing 25 guinea pigs, as the predisposition- 
phase experiment was started at a later stage 
than the preceding studies so that a fresh R; 
culture had to be employed. The results ob- 
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tained were so similar to those given in Table 
6 that the latter may suffice for the purpose of 
this paper. 


ANALYSIS OF TISSUE OF EXPOSED ANIMALS 

Chemical analysis of lung tissue of unin- 
fected guinea pigs that had inhaled the hy- 
drous calcium silicate dust for periods up to 
36 months yielded the data reported in Table 
10. It will be noted that as the period of ex- 
posure became longer the values for the tis- 
sue ash gradually increased, thus showing 
that mineral matter was accumulating in the 
lungs. There was a pronounced increase in 
the silica component up to about 30 months 
and then a slight decrease. This phenomenon 
is illusory, as it is due to the relatively rapid 
rate at which inorganic matter was deposited 
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in the lung at this stage when the tissue reac- 
tion suddenly blossomed forth into the full- 
blown disease process. Comparable results 
have been obtained in The Saranac Labora- 
tory in inhalation experiments with other 
dusts. 

The total amount of silica which accumu- 
lated in the lung was about a third of that 
which may be demonstrated in the pulmonary 
tissue of guinea pigs exposed to quartz dust 
for a comparable period. 


COMMENT 
The first point which may be considered 
is that the commercial hydrous calcium sili- 


SILICATE 


As the chrysotile dust is capable of pro- 
voking fibrosis in guinea pigs, it may also 
in the case of the present study have been 
the cause of the focal fibrogenic response, so 
that the hydrous calcium silicate component 
may have to be exonerated. It seems likely 
that the giant-cell reaction was largely an 
effect provoked by the latter component. At- 
tention should be directed to the lack of ob- 
vious necrosis in these cells. In this respect 
the dust differs quite markedly from quartz 
dust and silica fume. Indeed, necrosis was 
seldom a feature in this experimentally in- 
duced disease even in the presence of tuber- 


culosis. It is possible, therefore, that al- 


TaB_eE 10.—Analysis of the Lungs of Guinea Pigs Exposed to Commercial Hydrous 


Ash, Per Mineral Components of Desiceated Lung 
Period of Cent of - ~~ 
Exposure, Desiceated CaO, 
Mo. Lung Per Cent Per Cent 
2 4.68 0.22 0.07 
4 4.45 0.20 0.08 
6 4.44 0.22 0.09 
8 4.46 0.29 0.12 
10 4.47 0.43 0.14 
12 4.92 0.52 0.15 
18 4.36 0.72 0.10 
21 5.16 0.59 0.17 
24 4.86 0.63 0.13 
27 4.95 0.64 0.13 
30 5.57 1.11 0.14 
33 5.54 0.78 0.12 
36 5.47 0.68 0.14 


cate product, studied in the experiments just 
described, really provoked two underlying 
pathological 
tively, to the calcium 


processes ascribable, respec- 
and to the 
The terminal syn- 


drome of peribronchiolar atelectasis, fibrosis, 


silicate 
chrysotile components. 


and adenomatoid change was, in fact, of the 
same kind as that which has been repeatedly 
produced in The Saranac Laboratory by 
means of inhaled asbestos dust. 
of experimental 


The lesion 
has somewhat 
more fibrosis to it and shows less of a cellular 
reaction and the giant cells seen in the pres- 
ent case are less commonly observed. In 
character with the asbestos lesion is the ab- 
sence, in the present experiments, of fibrosis 
of the pulmonary lymph nodes in which no 
asbestos bodies could be found either. 


asbestosis 


Calcium Sili 


cate Dust 


Mineral Components of Lung Ash 


MgO, 


SiOe, CaO, MgO, 
Per Cent Per Cent Per Cent Per Cent 

0.07 4.31 1.54 1.60 
0.08 4.65 1.94 1.4 
0.08 5.59 2.34 2.09 
0.09 6.66 2.59 2.10 
0.18 9.27 2.62 3.66 
0.15 10.52 2.98 3.13 
0.29 10.46 1.95 5.93 
0.10 11.42 3.29 1.74 
0.07 12.61 2.78 1.46 
0.17 12.74 2.49 3.42 
0.05 19.91 2.42 0.92 
0.19 14.05 2.26 3.51 
0.16 12.49 2.62 2.94 


though the hydrous calcium silicate dust 
stimulated the proliferation or local accumu- 
lation of cells it did not kill these cells. This 
point is well illustrated in the case of the 
bronchial epithelium, which proliferated as 
part of the process of chronic bronchiolar in- 
flammation but did not readily necrose or be- 
come desquamated as in animals exposed to 
quartz dust. In many of the worst seeming 
adenomatoid or cystic lesions, the bronchial 
epithelium even retained its ciliated epithelial 
surface. 

The evolution of the adenomatoid reaction 
is clearly revealed to comprise cryptic dis- 
tention of the bronchioles, secondary papil- 
lomatous ingrowths into these distended 
lumina, and peripheral epithelialization of 
atelectatic alveoli. 
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Why the alveolar ducts and bronchioles 
should have dilated at an early phase in the 
rats was not clearly revealed. No proximal 
obstruction could be displayed which could 
account for the mechanical 
Possibly the cause may be re- 


distention on 
principles. 
lated to the tendency to  peribronchiolar 
atelectasis. Perhaps a neurogenic mechanism 
was at the root of it all. To be true, the 
larger cystic distentions were usually found 
within areas of chronic diffuse consolida- 
tion, and it is possible that in such instances 
the distention of the trapped air passages 
resulted mechanically from cicatricial con- 
traction. 

The origin of two types of emphysema 
which were discovered may have similar ex- 
planations. While that which developed in 
the guinea pigs was definitely compensatory 
to the foci of atelectasis and fibrosis which 
it surrounded and the emphysema found in 
the rats and hamsters was of the hyper- 
trophic variety, both may have had a com- 
mon origin in the damage to the bronchioles. 

The mild to moderate tuberculogenic ef- 
fect of the hydrous calcium silicate dust mani- 
fested itself in local or even diffuse spreads, 
delayed healing, and dissemination to other 
organs. It is not yet possible at this stage to 
attribute this phenomenon definitely to either 
the chrysotile or hydrous calcium silicate 
components. The fact that the tuberculous 
process did not persist in the pulmonary 
lymph nodes, whereas it was activated in the 
lungs, parallels the observation that only in 


It 


the lungs were asbestos bodies found. 
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must be presumed that the hydrous calcium 
silicate dust was transported from the lungs 
to the lymph nodes, to judge by macrophage 
accumulation at the latter sites, and it is 
probable that the dust was more densely con- 
centrated in the lymph nodes than in the pul- 
monary suggests that the 
stimulation to perpetuation and spread of 


tissues. This 
the tuberculous process may have derived 
from the chrysotile fibers rather than from 
Such a con- 
clusion naturally requires further confirma- 


the hydrous calcium silicate. 
tion through experimental investigation. 


SUMMARY 


conducted 
using a commercial product composed of 


Inhalation studies have been 
hydrous calcium silicate and chrysotile on 
normal guinea pigs, rats, and hamsters and 
on guinea pigs infected with tubercle bacilli 
of the R, strain. 

The dust caused marked chronic bronchio- 
litis, with terminal peribronchiolar focal 
fibrosis, bronchiectasia, and epithelialization 
of atelectatic alveoli. The final lesions closely 
resembled those found in experimental as- 
bestosis and included asbestos bodies. 

The course of experimentally induced tu- 
berculosis was mildly to moderately ad- 
versely affected by the prolonged inhalation 
of the dust. 

It seems likely that the chrysotile compo- 
nent of the commercial product, rather than 
the hydrous calcium silicate, was the cause 
of the deleterious effects on the tissues of the 
experimental animals. 
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M. L. ROBERTS, M.S., E.M., Saranac Lake, N. Y. 


In experimental studies at The Saranac 
Laboratory, animals are exposed to air-borne 
dust in rooms 8 by 8 by 8 ft. in dimension. 
A dusty atmosphere is created in the rooms 
with mechanical dust disseminators to simu- 
late the environment that might exist in a 
mine or an industrial plant where the ma- 
terial under study is being handled, with the 
exception that concentrations in the dust 
rooms are usually maintained at a higher 
level. During the experiments numerous de- 
terminations of the concentration and par- 
ticle-size distribution of the air-borne dust 
are made, and certain studies of the parent 
material also are carried on. From the de- 
terminations made on quartz dust and on 
several varieties of submicron amorphous 
silica dust, data have been compiled to show 
relationships between the count, weight, and 
size of the dust particles and to compare re- 
sults obtained with certain sampling methods. 

QUARTZ DUST 

The quartz dust used in the experiments 
was a commercial product with a silica con- 
tent greater than 99%. The material was 
finely pulverized, and 98%-99.5% of the air- 
borne particles seen at a magnification of 
1000 times were smaller than 10g and 88%- 
95% were smaller than 5, in size. 

PARTICLE SHAPE 

When observed at a magnification of 1000 

times, quartz particles that had been settled 


Recorded for publication July 15, 1955. 
Industrial The 
Laboratory. 


Hygiene Engineer, Saranac 


Whight Shape, 
Dusts 


on slides placed in the dust room have the 
appearance seen in Figure 1A. Here the small 
particles, lw to 2m in size, seem to have a 
fairly regular outline. An electronmicrograph 
(Fig. 1B) of quartz particles from the same 
dust room reveals, however, that the small 
particles are really quite irregular in shape. 
S1zE-FREQUENCY DISTRIBUTION 

Measurements of the particle size of air- 
borne quartz dust were made on samples col- 
lected by means of the electrostatic precipi- 
tator and examined at 1000 magnification, 
and from those measurements size-frequency 
graphs were constructed. Representative 
graphs, shown in Figure 2, indicate that 
the median particle size ranged from about 
1.5 to 2.0u. A graph representing the par- 
ticle-size distribution of the parent material 
is also shown ( Fig. 2). 


WEIGHT 


Numerous samples of the atmospheric 


ParticLE Count To RATIO 
quartz dust in the dust room were collected 
simultaneously by the midget 


impinger and the electrostatic precipitator. 


means of 


The dust concentration on a count basis was 
determined from the impinger samples and on 
a weight basis from the precipitator samples. 
From these findings the number of particles 
per milligram of dust was calculated. A sum- 
mary of the results is given in Table 1. The 
values reported for the number of particles 
per milligram of the atmospheric quartz dust 
depend upon the optical system employed for 
counting the particles. When the standard 
light-field technique was used, the average 
count for the samples was about 100,000,000 
particles per milligram, although values as 
high as 164,000,000 and as low as 61,000,000 
were obtained. Eighty per cent of all of the 
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Fig. 1.—Quartz dust. A, settled dust; one division equals 124. B, air-borne dust; >< 25,000. 
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Precentage Less than Size Indicated 


Fig. 2.—Size-frequency graph of quartz dust. 
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PARTICLE COUNT, WEIGHT, SHAPE, AND SIZE 


TaBLE 1.—Number of Particles per Milligram and Average Particle Size of 
Air-Borne Quartz Dust 


No. of Particles per Mg. 
Range of ———, Average Computed Particle Size 


Values of Light- Dark- 
No. of Field Field 


Dark- 
Particles Count, Count, Field 
per Mg. Millions Millions Count,a Count,s¢ 
Maximum 164 cme 1.6 
Minimum 61 rer 2.3 
Typical 104 1.9 


Size- 
Frequency 
Graph, 


Dust 


Room Samples 


Average 
Maximum 
Minimum 
Typical 
Average 
Maximum 
Typical 
Minimum 
Average 
Maximum 
Minimum 
Typical 
Average 
Maximum 
Minimum 
Average 
Average 
Maximum 
Minimum 
Average 
Maximum 
Minimum 
Average 
Maximum 
Minimum 
Typical 
Average 
Average 
Average 
Maximum 
Minimum 
Average 
Maximum 
Minimum 
Average 


Total (Room 4) 
1950 


Total (Room 6) 
8 1951 
8 1952 


1953 


we 


_ 


Total (Room 8) 34 
Total (Rooms 4,6,8) 109 


Average 
Average 


values determined were within plus or minus 
twenty per cent of the average value. For an 
optical system yielding a semidark field, the 
average count was increased to about 270,- 
000,000 particles per milligram, and in a 
series of tests with a condenser that produced 
a darker field, counts as high as four times 
the light-field count were obtained. Even 
higher ratios of dark-field to light-field count, 
up to 34:1 for industrial dusts, have been 
reported by Hatch,’ who showed that the 
ratio of dark-field to light-field count depends 
upon the percentage distribution of the par- 
ticles in a sample above and below the size 


2.0 
1.8 


corresponding to the limit of visibility in the 
light-field microscope. In the studies at The 
Saranac Laboratory the age of the dust cloud 
was brief, and the samples were collected 
within a few feet of the dust source. Thus 
the per cent of particles less than the limit of 
visibility of the light-field microscope was at 
a minimum. This condition is comparable to 
that found in a crushing plant or other in- 
dustrial concern where dust is being con- 
tinually created within an enclosed area. 

For a number of years impinger samples to 
control dust concentrations in the experi- 
mental dust rooms of The Saranac Labora- 
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‘ 
1949 1 1.5 
4 1950 1 1.2 
19 93 250 14 1.6 
1 87 2.0 14 
10 103 290 1.9 14 1.5 
1 ot 2.0 1.9 
1 74 21 1.3 
a 9 93 250 2.0 14 1.8 a 
3 4 1953 1 124 wit 1.8 1.3 1.4 ~~ 
1 73 2.2 1.5 1.9 
es 1 104 1.9 14 1.6 ee 
10 4 aaa 2.0 1.4 1.6 
4 1954 1 108 1.9 
1 73 2.2 1.9 
7 98 265 2.0 14 19 
6 1951 1 130 1.8 1.6 
“sh 1 93 2.0 
10 125 335 13 1.6 
6 1952 1 137 1.8 
1 83 2.0 14 
le 5 109 295 1.9 1.3 1.5 = 
10 267 1.9 14 14 
1 gl 246 2.0 14 14 
1 98 264 1.9 14 2.0 
101 272 1.9 14 
a 
é 3 


A. 


tory were counted by both a light-field and a 
dark-field technique. A review of samples col- 
lected in the rooms in which quartz dust was 
dispersed disclosed that the ratio of dark-field 
count to light-field count had an average value 
of 2.7: 1, with a maximum variation of about 
20% above or below that value. Since the 
practice of making routine dark-field counts 
has recently been discontinued, only light- 
field counts are available for many samples. 
In compiling data for Table 1, therefore, the 
dark-field count for all samples was taken 
equal to 2.7 times the corresponding light- 
field count. 
AVERAGE PARTICLE SIZE 

The average size of the quartz particles, 
assuming them to be spherical in shape, can 
be calculated from the number of particles per 
milligram and the specific gravity. Values for 
the average size computed from the light-field 
count and from the dark-field count are listed 
in Table 1. In addition, the average size taken 
from size-frequency graphs ( Fig. 2) is shown 
in the Table. The dimension obtained from 
the graph represents the size of the “‘average”’ 
particle on a count basis, 50% of the number 
of particles being larger and 50% being 


smaller than the “average” particle. The size 
calculated from both the light-field count and 
the dark-field count, however, is that of the 
particle having the average weight of all the 
particles. Nevertheless, in spite of these en- 
tirely different methods of estimating the 
average particle size, the values obtained for 
this particular quartz dust are of the same 
order of magnitude. 


EFFECT ADDED SUBMICRON OR LARGE Par- 


TICLES ON PARTICLE COUNT AND AVERAGE 
PARTICLE SIZE 


OF 


If a series of 20 spherical particles are 
arranged in a_ size-frequency distribution 
similar to the distribution determined for the 
quartz dust in these studies, the series would 
be Ip, lp, lp, lp, 1.5y, 1.5y, 1.5y, 1.5y, 2p, 2p, 
2p, 2p, 2.5, 2.5p, 4u, Su, Ou, and Sp. 
By calculation * the average size of the spheri- 
cal particle in the series by count/weight 
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determination is 3.73, the average (median ) 
size by the count method is 2.0, and the 
ratio of the first value to the second value is 
1.86. If 380 particles of a size less than the 
limit of visibility of the light-field microscope 
are added to the 20 particles, the light-field 
count will not be changed, but the dark-field 
count will be raised from 20 to 400, and the 
ratio of the dark-field count to light-field 
count will be raised from 1:1 to 20:1. If for 
the purpose of calculation a size of O.5p is 
assigned these 380 particles and their weight 
added to the original series of 20 particles, the 
average-size particle on a weight basis is in- 
creased only from 3.73, to 3.80, the average- 
size particle by count remains 2.0u, and the 
ratio between the two values is 1.9. If 10p 
size particles are added progressively to the 
original series of 20 particles, the ratio of the 
average particle size by count/weight to the 
size of the average (median) particle by 
count increases to a maximum of about 2.8 
and then decreases as the average particle 
size by count approaches the larger size. This 
ratio would be greatly increased by adding 
to the total weight of the series without sig- 
nificantly increasing the number of counted 
particles. This can be accomplished by the 
addition of a giant-size particle (30p-50n) 
to the original series or by the addition of 
a tremendous number of submicron particles. 
In practice a giant-size particle would not 
be air-borne very far from its source. 
SUBMICRON SILICA DUST 

The new amorphous silica products com- 
posed of particles submicron in size have be- 
come important commercial materials. Owing 
to the extremely small size of the particles and 
the low density of the bulk material, the col- 
lection and measurement of this submicron 
dust present real problems to the industrial 
hygiene engineer, and further study of such 
finely divided material is needed. 

VARIATION IN PARTICLE SIZE 

The typical appearance of submicron silica 
dust that had settled on a glass slide in a dust 
room is shown in Figure 34. The particles 
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AND SIZE 


Fig. 3.—Silica dust. 4, settled submicron amorphous dust; one division equals 12«. B, sub- 


micron dust; x 50,000. 


appear to range in size from about lp to more 
than 10n, and seemingly the dust particles 
could be collected and counted in the accepted 
manner by the light-field technique. When the 
same material is examined with the electron 


microscope at 50,000 times magnification, it 


Fig. 4.—Submicron silica dust: x 50,000. 


is clear that the units seen (Fig. 32) are not 
single particles but rather are aggregates 
composed of many extremely small particles. 
Much of the air-borne material is segregated 
in these clumps. In contrast electronmicro- 
graphs of other submicron silica dust may 
exhibit an abundance of small aggregates 
(Fig. 4+). Since the particles are only a frac- 
tion of a micron in size and even the ag- 
gregates, in many cases, may be below the 
resolving power of the microscope employed 
in the standard light-field technique, the re- 
liability of the usual dust-counting methods 
when applied to the submicron dust is im- 
mediately questioned. 


COMPARISON OF AGGREGATES AND PARTICLES 

Data concerning the aggregates and indi- 
vidual particles of several varieties of sub- 
micron amorphous silica dust are given in 
Table 2. The values on the left refer to the 
aggregates, and those on the right to the 
particles. The first column lists values for 
the number of aggregates per milligram of 
air-borne dust, based on the assumption that 
all the dust is present as aggregates and that 
all the aggregates are revealed by the light- 
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TABLE 2.—Comparison of Aggregates and of Individual Particles of Submicron 
Amorphous Silica Dust 
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Collection by Means of Impinger or by Electrostatic Precipitator 


Properties of Aggregates 


No. of Average Size of Aggregates 
Aggregates Apparent 

per Mg. Density of (Computed) (Observed) 
(Counted) Aggregates 

49x 108 0.04 9.9 2.0 

42 10.0 1.7 

&2 8.4 

64 9.1 eas 

70X 10° 0.11 6.0 2.2 

25 8.9 2.0 

58 6.7 1.7 

29 8.4 1.5 

50 7.0 2.1 

31x 108 0.12 8.0 4.0 

6.0 


Properties of Individual Particles 


No. of Approx. No. of 
Aggregates Average Particles 
per Mg. Size of Specific per Mg. 
(Computed) Particles Gravity (Computed) 
6,000 108 0.03 23 108X101? 
2,200 108 0.04 2.2 131012 
2,000 108 0.01 2.2 8701012 


field examination. The apparent density of 
the aggregates, in Column 2, was taken equal 
to the apparent density of the unpacked bulk 
material. The average size of the aggregates 
was estimated from measurement of settled 
dust. Values for average size (Column 3) 
were computed from the number of aggre- 
gates (Column 1) and their apparent density 
(Column 2), and values in Column 4 were 
obtained from size-frequency graphs, similar 
to Figure 2, of dust aggregates that had set- 
tled on glass slides placed in the experimental 
dust room. Using the observed average size 
of aggregate (Column 4), corresponding 
values for the number of aggregates per milli- 
gram (Column 5) were computed. The large 
difference between the number of aggregates 
per milligram obtained by count (Column 1) 
and by computation (Column 5), the large 
difference between the size of the average 
particle obtained by the count method and by 
the count/weight method, and the variation 
in the values for the number of aggregates per 
milligram obtained by count may arise from 
several sources. Possible errors were the as- 
sumption that the density of the aggregates 
was the same as that of the unpacked bulk 
material and the assumption that substantially 
all the dust was in the form of aggregates 
visible by light-field examination. The ratio 
of the size of average aggregate obtained by 
the count method and the size of average 
aggregate obtained by the count/weight 
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method is much greater than similar ratios 
observed for quartz dust. It has been shown 
in a preceding section that the presence of a 
few giant-size aggregates or of a very great 
number of uncounted submicron particles in 


the sample will affect the ratio in this manner. 
It should be noted, however, that for the 
sample of submicron dust studied very few 
aggregates larger than 10» were reported in 
the standard counting procedure or in the 
size-frequency plots. 

The size of the individual particles of sub- 
microscopic silica determined by measure- 
ment of electronmicrographs is given in 
Column 6 of Table 2. The actual density of 
those particles is assumed to be 2.2, the same 
as that of vitreous silica. Calculation of the 
number of individual particles per milligram 
of dust yielded the tremendously high values 
in the last column of Table 2. 

Thus it becomes clear that when dealing 
with submicron silica dust the material can- 
not be accurately identified and counted by 
the standard light-field technique. A study of 
electronmicrographs of dust samples would 
yield information about the size and relative 
numbers of individual particles and aggre- 
gates, but application of the technique is 
somewhat restricted. 


SUMMARY 


Values are given for the relationship be- 
tween the particle count and weight of quartz 
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PARTICLE COUNT, WEIGHT, SHAPE, 
dust obtained in experimental studies with 
the dust. Dimensions representing the aver- 
age particle size of the quartz dust on a count 
basis and on a weight basis, although dif- 
ferent, are of the same order of magnitude. 
Values were determined for the relation- 
ship between the particle count and weight of 
submicron amorphous silica dust by methods 
similar to those used for the quartz study. 
Values representing the average size of par- 
ticle and of aggregate on a count basis and on 
a weight basis were determined for the dust. 


AND 


SIZE 


Large differences in these values indicate the 
unsuitability of the midget impinger and light- 
field counting technique for the counting and 
measuring of the submicron silica dust. 
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News and Comment 


ANNOUNCEMENTS 


Second Symposium on Coal Workers’ Pneumoconiosis.—The Second Symposium on 
Coal Workers’ Pneumoconiosis will be held at the Golden Clinic, Memorial General Hospital, 
Elkins, W. Va., at 9 a. m. Oct. 4, 1955. The general chairman of the meeting is Oscar A. 
Sander, M.D., Consultant, Staff of Columbia Hospital and Milwaukee General Hospital and 
Associate Professor of Medicine, School of Medicine, Marquette University. Among the guest 
speakers are the following: Lawrence B. Berger, Chief, Health Branch, Bureau of Mines, 
United States Department of the Interior, Pittsburgh; Edward A. Gaensler, M.D., Visiting 
Thoracic Surgeon, Boston City Hospital; John Carry Gilson, M.B., M.R.C.P., Director of the 
Pneumoconiosis Research Unit, Llandough Hospital, Penarth, Glamorgan, and Director of the 
Pneumoconiosis Unit, United Kingdom; Adolph G. Krammer, M.D., Head of the Department 
of Occupational Health, Graduate School of Public Health, School of Medicine, University of 
Pittsburgh, and J. E. Martin, Jr.. M.D., Head of the Department of Medicine, Golden Clinic, 
Elkins, W. Va. Other speakers include Thomas Parran, M.D., Dean of the Graduate School 
of Public Health, School of Medicine, University of Pittsburgh, and former Surgeon General 
of the United States Public Health Department; Frank Princi, M.D., Kettering Laboratory, 
College of Medicine, University of Cincinnati, and David H. Waterman, M.D., President of 
the Knoxville Chest Group and Attending Thoracic Surgeon, Fort Sanders Hospital, East 
Tennessee Baptist Hospital, and St. Marys Hospital, Knoxville. For hotel reservations and 
general information, write Dr. J. E. Martin, Jr., Golden Clinic, Elkins, W. Va. 
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Books 


Electroplating Engineering Handbook. Edited by A. Kenneth Graham and H. S. Pinkerton. 
Price, $10.00. Pp. 650. Reinhold Publishing Corp., 430 Park Ave., New York, 1955. 


This useful handbook on electroplating engineering is divided into two sections: the first 
portion on general processing data with 15 chapters, and the second portion on engineering 
fundamentals and practice which has 20 chapters. 


The chapters were prepared by a group of experts in the electroplating industry and allied 
processes related to plating. Of direct interest to industrial hygiene engineers are three 
chapters: Industrial Hygiene and Safety, by Allen D. Brandt; Waste Disposal, by H. L. 
Pinkerton, and Exhaust Systems, by Allen D. Brandt. With the exception of the three chapters 
mentioned, all the others present technical data on the plating process and background infor- 
mation for metal-surface preparation. These chapters are done in a very lucid manner and 
can be easily followed by technical people. 

The chapter on Industrial Hygiene and Safety covers the general principles of industrial 
hygiene and safety as related to the use of chemicals and includes some data on the first-aid 
treatment of burns and outlines general facilities necessary in plating or metal-cleaning 
operations. 

The chapter on Waste Disposal covers the permissible concentrations allowed to be dis- 
charged to streams and a general discussion of methods of recovery of metals and treatment of 
the spent solution. Treatment-plant design is also covered with methods for treating. Treatment 
solutions are clearly illustrated. A bibliography of 32 items is included. 

In the chapter on Exhaust Systems, Dr. Brandt gives an excellent treatment of the require- 
ments for industrial ventilation as applied to the plating processes and has drawn freely from 
the American Standards Association (Z9.1, 1951) Standard. The chapter is complete, with 
physical properties of materials and characteristics of air contaminants released by metallic 
surface treatment. The information is presented in a manner which can be used by electroplating 
engineers with very little assistance from others. Enough information is provided to assist 
the plating engineer in outlining his criteria as well as enough information to complete the 
final design. 

This book can be heartily recommended by industrial hygiene engineers to industrial electro- 
plating personnel and should be part of the bookshelf of those concerned with over-all metal- 


finishing operations. : 
LESLIE SILVERMAN. 


The Halogenated Hydrocarbons: Their Toxicity and Potential Dangers. W. F. von 
Oettingen. Price, $2.50. Pp. 430. Public Health Service Publication 414, U. S. Govern- 


ment Printing Office, Washington, D. C., 1955. 


The author presented in 1937 a short review “The Halogenated Hydrocarbons: Their 
Toxicity and Potential Dangers” (J. Indust. Hyg. & Toxicol. 19:349, 1938). The present book 
greatly expands this first review and presents in considerable detail the chemistry, analytical 
procedures, potential uses, investigative toxicology, clinical toxicology, and the prophylaxis and 
treatment of poisonings by the halogenated hydrocarbons. It is admirably indexed. Compounds 
are listed both by chemical and by common or industrial names. Physicochemical properties 
are given. Bibliographies on each compound are listed by author alphabetically at the end of 
each section. 

This book is the kind that the lecturer and teacher soon finds he must renew, as his students 
and colleagues come in and simply wear out his copy. We doubt if any publisher but the 
Government could produce so useful a book at even double this price. 


Puitie DRINKER. 
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The Human Element in Industrial Accident Prevention. By J. C. Larson, with R. Hago- 
pian, J. I. Stern, H. L. Stevenson, and E. Williamson. Price, $2.00. Pp. 114. Center for 
Safety Education, Division of General Education, New York University, New York, 1955. 


This useful volume presents a survey and analysis of the current status of research on the 
human factor in industrial accident prevention. More than 100 pertinent studies are summarized 
in this report, selected from more than 1000 references to industrial safety found in various 
journals and texts in the fields of medicine, psychiatry, ophthalmology, optometry, psychophysics, 
psychology, and sociology. 


The data are grouped under two logical sections, the first concerned with “Hiring Pro- 
cedures and Safety” and the second with “Postemployment Practices.” In the former section, 
studies are reviewed relating to various psychophysical characteristics and safety (including 
reaction time, visual acuity, and perception). The significance of the psychological and socio- 
logical characteristics of the prospective worker is then reviewed, as is the influence of medical 
findings and physical condition. The second section of the report, relating postemployment prac- 
tices to industrial safety, is discussed in the light of (1) the worker’s adjustment to his job, 
(2) training programs, (3) physical working conditions, (4) morale and job satisfaction, and 
(5) the prediction of accidents. A critique of industrial accident research is also included. 

The authors have succeeded in presenting a competent and brief analysis and interpretation of 
widely scattered information concerning this important topic. Sufficient data are given on each 
of the major approaches to industrial safety to enable the reader to determine the present 
applications and limitations of this field. References to specific studies are included in all 
instances, and an additional bibliography is appended. This small volume should be of interest 
to all those concerned with any phase of industrial safety or personnel work. 


Ross A. MCFARLAND. 
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| 
i 
Phe, 
4 
N 
3 
an ) 
‘ 
4 
4 
a 


Whether for light, heavy or extra heavy duty, for 
general plant or office use, or to solve specific 
cleansing problems, our more than 40 years of 
experience in serving industry is at your service. 


Your inquiries will receive prompt and intelligent 
attention! 


LIGHTFOOT SCHULTZ COMPANY 
380 MADISON AVENUE NEW YORK 17, N. Y. 


Combine your own clinical 
experience with the 
knowledge of experts... 


by reading 


@ A.M.A. Archives of 
DERMATOLOGY 


A.M.A. Archives of 
INTERNAL MEDICINE 


@ A.M.A. Archives of 
PATHOLOGY 


Write To: 
Subscription Department 


American Medical Association 


535 N. Dearborn Street 
Chicago 10, Ill. 


The Skin in Hea!th and Disease. 
Harold N. Cole. 8 pages. 15 cents. 


“Hair-Brained” Notions. Lois 
Mattox Miller. 12 pages. 15 cents. 


Acne. 2 articles. Robert P. Little; 
Jane Parker Kirkpatrick. 12 pages. 
15 cents. 


Cosmetic Facts and Fancies. 
Austin Smith. 8 pages. 15 cents. 


Pamphlets about 


OBLEMS 


Psoriasis, The Threadbare Man- 
tle. Lester Hollander. 12 pages. 
15 cents. 


Fire Under the Skin. William W. 
Bolton. 12 pages. 15 cents. 


Please remit with order 


AMERICAN MEDICAL ASSOCIATION 
535 N. Dearborn St. ©@ Chicago 10 
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Wel Pharmaceutical Division 


RESULTS COUNT!...1n Superficial Fungous 


Infections especially DERMATOMYCOSIS PEDIS 


Cures average case in one to three weeks 


WALLACE & TIERNAN INCORPORATED, Belleville 9, N. J., U.S.A. 


(Athlete's Foot) 
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Ointment and powder of ZINCUNDECATE 
Solution of UNDECYLENIC ACID 


Powdered 
Soap 
Liquid EVERY TYPE OF Bar 
Soap SKIN CLEANSER Soap 
ot 
manufactures all three from raw 
2 Gi A Specialized Soap to Meet Every 
== 


Vaseline ~~ 
Petrolatum Gauje Dressing 
and Packing Material 


ot Govre USP. 
White Petroleum Jelly USP.) 


CHESEBROUGH 
NEW YORK 4, NY, US mactinusa. 
SEE INSTRUCTIONS ON REVERSE SIDE 


“For a product to be designated as ‘sterile’, the process for making 
it must assure sterility at all times.”? “Steam processing of petrola- 
tum gauze cannot be relied upon to produce a sterile product.” 

The sterility of ‘Vaseline’ Petrolatum Gauze is assured by the 
unique process employed in its manufacture and is preserved by its 
packaging in properly sealed aluminum foil-envelopes. 

Available from your usual source of supply in strips of: 1x 36”; 
3” x 36”; 6”x 36”; and 3”x 18”. 


References: |. Gershenfeld, L., Am. JI. Pharm.: 126:112, 1954. 
2. Yarlett, M. A., Gershenfeld, L., McClenahan, W. S.: Drug Standards 22:205, 1954. 


PROFESSIONAL PRODUCTS DIVISION, MEG. co., cons’, NEW YORK 4, N.Y 
VASELINE is the - k of the Mfg. Co., 
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509195 


Not a “caine,” and never injected, 


new TRONOTHANE gives excellent relief of pain and 
itching in episiotomies, hemorrhoids, dermatoses, sunburn, 
etc. In over 15,600 trials reported to Abbott, 


this effective surface anesthetic 


revealed no toxicity and only a negligible incidence 
of sensitization or irritation. / Since TRONOTHANE is 
structurally unique and does not cross-sensitize, it 


won't hamper your use of caine drugs 


for injection purposes. By the same token, TRONOTHANE 
can safely be used in patients already possibly or overtly 
sensitized to the caine drugs. Because it is never used 


for infiltration or block anesthesia 


the possibility of systemic reaction is reduced even 
further. Try this unusual new drug. . . soon. 


cream 

74 sterile jelly 
: 


¢ topical solution 


HYDROCHLORIDE 


( Pramoxine Hydrochloride, Abbott ) 
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